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ABSTRACT

This report presents the results of an analysis to determine STS/Centaur
catastrophic vehicle response probabilities for the phases of vehicle
flight from STS Liftoff to Centaur separation from the Ordbiter. The
analysis considers only category one component failure modes as contri-
butors to the vehicle response mode probabilities. The relevant com-
ponent failure modes are grouped into one of fourteen categories of
potential vehicle behavior. By assigning failure rates to each com-
ponent, for each of its failure modes, the STS/Centaur vehicle response
probabilities in each phase of flight can be calculated. The results of
this study will be used in a DOE analysis to ascertain the hazard from
carrying a nuclear paytoad on the STS.
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Main Engine Cutoff

Monomethy! Hydrazine
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Space Transport System
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1. INTRODUCTION

The purpose of this study {s to determine the catastrophic faflure
probabilities, for the Galileo mission, for each {dentified STS/Centaur
response mode from 1{ftoff through Centaur deployment.

Only failures leading to loss of vehicle and hence the payload are
considered. The results of this study will be used as input to an
analysis of the risk associated with carrying a nuclear payload on the
STS. This nuclear payload risk study is being undertaken by the DOE for
NASA.  The study approach is outlined by the following tasks:

1. Assess which failure modes (in addition to those developed
under Contract KAS 10-9374 for the STS) require to b.: included
in the analysis. List such additional failure modes with the
item or items of Centaur hardware involved. Only category one

failure modes will be included and this will require reference
to General Dynamics documentation and other references as

necessary.

2. Group failure mcdes according to their affect on the combined
_ STS/Centaur vehicle in each of the relevant STS/Centaur flight .
phases. o

3. Assign Tatlure rates to each hardware component contributing
to catastrophic fatlure in each of the flight phases, for each
vehicle response mode.

4. Compute failure probabilities for each combined STS/Centaur

vehicle response mode {resulting from a category one failure)
from 11ftoff to Centaur separation from the Orbiter.

1-1
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Section 2 outlines the limits of this study and lists the assumptions
made in the analysis. Certain failures were considered to be outside
the scope of this analysis since they would not pose a problem to the
nuclear payload. Note that some of these excluded failures could play a
significant role fn the likelihood that the STS will return to base
safely after the payload has been deployed. The failure definition,
i.e., that which results in loss of payload, constrained which STS
faflures were to be included in the analysis. Once the payload has
successfully been deployed, a re-entry failure of the STS is of no
consequence.

Loss of payload is directly relatabple to failure of components and/or
systems of the STS/Centaur. Failure of certain critical components and
systems could lead directly to catastrophic fatlure of the combined
vehicle. This is the approach taken in this study, where component
failures are grouped .according to expected vehicle response modes.
These catastrophic vehicle response mddes are 1isted in Section 3.

The Reactor Safety Study, WASH-1400 [Reference 1], data base was used as
a starting point for the development of failure rates as outlined in

“ Section-4.  The WASH-1400 study collected data from numercus sources

including NASA data. It is important to point out that the WASH-1400
data base was merely used to obtain an indication of suitable bounds for
component failure rates. Many of the components used on the STS/Centaur
compromise pumps, pipes, valves, pressure vessels, etc., whose failure
rates are expected to fall within the ranges for similar components as
presented in the WASH-1400 document.

Section 5 outlines the method of calculation of the failure probabil-

1ties for each relevant STS/Centaur response mode which could compromise
the nuclear payload. The method of calculation used certain simplifying
assumptions which, given the expected low probability of event occur- f‘;
rence, are not likely to significantly affect the final results. A

1-2
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prévious%y-developed computer program was used in this stage of the
analysis.

Finally, Section 6 presents the results of this combined STS/Centaur
analysis.
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2. ASSUMPTIONS AND LIMITS OF STUDY

This study was limited to calculating STS/Centaur failure response

- probabilities from 1iftoff to Centaur-STS separation.

The 1ist of potentially hazardous failures for the STS was obtained from
the Critical Items List (CIL) documentatfon and various interfacing
systems documentation, etc. [References 2, 3, 4, 5, 6 and 7]. This 1ist
of STS failure wodes was defined in previous J.H. Wiggins Company
studies under contract NAS 10-9374. The 1ist of Centaur failure modes

was drawn up from Centaur technical description documentation [Refer-
ences 8 and 9] and through consultation with General Dynamics personnel,

The CIL documents for the Orbiter, External Tank and SR8s listed
failures as criticality 1, 2, 3, 1R, 2R or 3 which are defined as
follows [Reference 2]:

CATEGORY POTENTIAL EFFECT OF FAILURE
1 Loss-of life or vehicle
IR . Redundant hardware element, the failure. of
e which could cause loss of life or vehicle
2 Loss of mission; for GSE, loss of vehicle
system
2R Redundant hardware element, the failure of

which could cause loss of mission
3 A1l others
Only Category 1 faflures as defined here were included in this study,
which 1s consistent with the earlier JHi analyses. There is a critical

time period prior to liftoff which has not been included, {.e., from To-
45 minutes to To, where liftoff occurs at To. This time period was

2-1



- excluded by NASA from initial JHW studies and has been excluded from
& this analysis.

For the purposes of this study, the following assumptions were made:

1. Criticality 1 fatlures will contribute almost entirely to
catastrophic events,

2. Fatlure probabilities per unit time of STS components are
lognormally distributed.

3. The omission of presently unrecognized criticality 1 failure
modes will not significantly affect the final results.

. 4. Common cause failures {sometimes referred to as common mode
. failures) will not significantly contribute to the hazard

potential.

" The implications of Assumpticn 4 are explained in detail in Reference

10.
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3. VEHICLE RESPONSE MODES

For this study Centaur failure modes are consfdered to contribute to
four categories of expected STS/Centaur behavior from Viftoff to Centaur

separation. These four categories are the following:

External Tank punctured
Fire and explosion in payload bay and Orbiter tumbles to earth
(pricr to orbit insertion)

- @ Fire and explosion in payload bay - on orbit

¢ Centaur recontact with Orbiter at separation

Table 3-1 outlines the relevant Centaur failure modes which contribute
to each of the above combined vehicle response modes. The expected
response modes ¢f the STS, excluding the effects of Centaur, are out-
lined in Tables 322 and 3-3 and described in detail in References 10 and
11. ’

Table 3-4 defines all potential response modes of the combined

STS/Centaur vehicle, from 1iftoff through Centaur deployment from the. - .

orbiter. The carnying of Centaur in the Orbiter payload bay does not
change the vehicle response probabilities previously computed for case
numbers 1, 2, 3, 4, 5, 7, 8 and 9 {see Reference 11) and 12 and 13 (see
Reference 10) of Table 3-4. Cases 6, 10, 11 and 14 are efther affected
by, or result directly from, carrying Centaur in the Orbiter. The
computed vehicle response probabilities for these latter four cases are.
the central requirements of this study. These results, along with those
computed in earlier studies, are presented in Section 6.

A summary of the failure modes relevant to this study from liftoff to

Centaur separation from the Orbiter are listed in Tables A-1 through A--
3, B1 and C1 through C4 of the Appendix. (Tables Bl and Cl through C4
are extracted from References 11 and 10, respectively.) These tables

3-1
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Table 3-1., Vehicle Response Modes and Centaur Failure Mode Contributors

VERICLE RESPONSE CENMTAUR FAILURE MOOES CONTRIBUTING
NO. MODE CRITICAL TINE PERICO TO THE HAZARD .
IS EXTERNAL TAMK LIFTOFF TO ET SEPA- FAILUReS IN THE FOLLOWING SYSTEMS
PUNCTURED RATION (LIFTOFF TO HHICQ PROPAGATE TO THE EXTERNAL
MECO + 16 SECS.) TARK®:
® FUEL TANKS
® PROPULSION
® TARK PRESSURIZATION
® PRESSURE REGULATION
® PURGE
9 VENTING
¢ FILL, DRAIN, & DUMP
@ INTERMEDIATE BULKHCAD RELIEF
@ C1SS HELIUM SupPPLY
@ CENTAUR HELIUM SUPPLY
@ REACTION CONTROL
@ HYDRAULICS
@ PNLUMATIC VALVE CONTROL
@ CENTAUR SUPPORT STRUCTURES
e FIRE & EXPLOSION IN MECO + 16 SECONDS TO | SAME FAILURE MODES AS FOR NO. 1.
. PAYLOAD BAY - QORBITER | ORBIT INSERTION (END
TUMBLES TO EARTH OMS1 BURN)
3 FIRE & EXPLOSION IN {a) END OMS 1 BURN (a) SAME FAJLURE MOOES AS FOR NO. 1.
PAVLO}D BAY - ON TO OPENING OF
ORBIT PAYLOAD BAY
DOORS :
{0) GPENING PAYLGAD {b) SAME FAILURE MODES AS FOR NO. 1
BAY DOORS TO DE- EXCLUDING THOSE WHERE H, TANK
PLOYMEN' RUPTURES FIRST.
4 CENTAUR RECONTACT AT | DEPLOYMENT @ FAIL TO SEPARATE RISE-OFF FLUD
SEPARATION WiTH DISCORKECTS
ORBITER

-1Externa1 tank and orbiter faflure modes which contribute to this hazerd (vehicie
response - externsl tank gunctured) are Contdined in References 10 and 1l.

2 fire and explosicn in the payload bay, resulting from direct or propagated
rupture of Centaur fuel tanks, could propagate directly through the base of the
Orbiter, or indirectly via an OMS/RCS pod or the mgin engine compartment.

3TMs vehicle response mode is broken into two distinct time periods according to
fatlure mode contridutors.
closed and a1l faflure modes for case number ] vehicl: response are relevant. Once
the payload bay doors are opened, &n atmosphere must be available 0 support a

fire and explosion.

In the first time period (i), the payload bay doors are

1f the hydrogen tank fafls, this need not lead to & failure

of the oxygen tank and so, with no atmosphere, the result is Tikely to be benign.

‘Nydrogen tank failure modes have been excluded as contributors to vehicle response
number 3(b), for the time period beginning when the payload bay dnors open. Witn the
payload bay docrs closed, however, an stmosphere fs svailadle to supoort en explosion

initiated by & hydrogen tank rypture.

If the oxygen tank ruptures first then the

hydrogen tank s likely to fail with a resulting mixing of hydrojen and oxygen. A
suttable ignition source could cause this pertially confined mixture of propailants
to explode, even with the paylosd-bey duors open.
wave with 8n explosfon in this environment, the large volume of propellents wayld

result in an exploston of quite high yteld which would Ympart consideradle energy to
fragmented components of the Centaur and Orditer,

3-2
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Table 3-3. STS Vehicle Response Modes - MECO to Payl.sd Deployment
ﬁ;f' VEHICLE BEMA/IOR CRITICAL TINE PERIOD NECESSARY CONDITIONS

(a)

External Task
Punctuyred

HECO to £ separation
(MECO to MECO o 16
seconds)

During Orditer/EY
Separation Maneyver
{MECO + 1) seconds
to end of R(S separ-
ation bura)

MECO to MECO o 11
seconds

.

o Fatlures in Main Prooylsion System
retearing restdual propellant 1nto

" aft ME compartment and ignition from
within ME compartment

[] LNz tank rupture

¢ Fatlures in the Orbiter/EY
Separation System

o Failures nf forward or aft Orpiter:
€T attachments

o Inadvertent operation of the PS(D

¢ Fatlure of the forward or 2%t (S
svstem

o Fatlures of the ONS svstems which
propajate and cause 1038 of RS

® Aft RCS or (MS failures which
propagate to ME compariment ang
cause fire and exnploston with
residual ML propellants

(b)

Loss of Maneuver-
ability & Orbiter
Tumbles to fartn

MECO to orbit inser-
tion (end of OMS! burn}

o Fariures of farwarg RCS whign pro-
csaite and cause failure of al)
3 s

o Farlures of aft RCS whigch pronazate
and lead to toss of O1S in ore 203
{with lost capability o <rosy feed
to other (M5 enging).

o Fatlyres of NS (n one 0od Letth
lost capaditity to cross feed to
other OMS engine)

e Farlyres of electrical power or
atmosphere revitalization svster
tank sub-assemblres which nrocanate
and cause fatlure of all 3 (Vg

(<} | Less of Maneuvers End OMS) durn to e Sare conditions as for {b)
ability cn Ordat payload deployment
(d) | Fire & Exploston NECO ¢ 16 seconas @ Feilures 1n the aft R(S or OMS which

yn ME Comnartment
ang QOrditer Tumples
to Earth

to Nrdit Insertion
(end OMSY burn)

propagate to the ML comnartment
causting fire 3nd erplosicon
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describe which particular {tem failed, the numbers of {tems involved,
the types of failure modes, the subsystems affected (critical time

periods) upper and lower bounds on the item failure rates and any
assumptions made.

Weighting factors have been included in Tables Al through A3, Bl and Cl
through C4 to reflect the conditional probability that, given failure of
an 1tem of hardware, a criticality 1 condition will occur. For Tables
Cl through C4, this is a departure from the approach taken in the
earlier analysis (Reference 10). Because these conditional probabil-
ities, provided by NASA, were considered to be realistic for the “Space
Shuttle Range Safety Hazards Analysis" (Reference 11) {t is reasonable
to be constistent and include them for all hardware items. These con-

ditional probabilities are specified in the tables of the Appendix using
mnemonics as follows:

ACT: actual lgss. The probability of a criticality 1 condition
is 100 percent.

PRO8: prébable loss. The probability of a criticality 1 con-

dition {s between 5 and 100 percent, except for SRB components
-where a value between 10 and 100 percent was used.

P0SS: possible Yoss., The probability of a criticality ! con-
dition is between O and 5 percent, except for SRB components
where 3 value between 0 and 10 percent was used.

NONE: The probabdility of a criticality 1 condition is essential-
ly 0.

The weighting factor 15 used as a multiplier on the hardware failure
rate to obtain the “critical® failure rate used in this analysis. The

median value of the weighting factors were used (i.e,, 10 to 100 percent "

1s 55 percent).
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4. DATA BASE AND ASSIGNMENT OF FAILURE RATES

WASH-1400"'s data sources included Department of Defense data, NASA data -
and general industrial operating experience as well as nuclear power
plant data. The Reactor Safety Study assessed the data sources and
defined the five percent lower bound and ninety-five percent upper bound
on component failure rates and demand probabilities. The five percent
Yower bound indicates that five percent of failure rates are expected to
be found below this value. The ninety-five percent upper bound value
fndicates that ninety-five percent of the faflure rate values are ex-
pected to be found below this value. Thus, there is a ninety percent
probability that the failure rate values will fall within the five
percent and ninety-five percent bounds.

By comparing components of the $TS/Centaur with those of similar com-
ponents of the WASH-1400 data base, judgements were made as to the
expected range of failure rates for STS/Centaur vehicle components. The
expected upper and lower bounds of failure rates of components relevant
to this study are included in Tables A-1 through A-3, Bl and Cl through
C4 of the Appendix. Thus, the component failure rates are treated as
random variables vieved as having a range of possible values. The exact

nature of the variabi!ity of the component failure rates is described by

the probabil(tx density ‘function. The probability density functions for .

STS/Centaur component failure rates are assumed to be log normal distri-
butions. This fs in keeping with the variability in failure rates found
by the Reactor Safety Study on analyzing data from mechanical
components.

The log normal distribution, describing the variability in failure rates B

of components making up the STS/Centaur systems, is written mathematic-
ally as follows:

2

1 (lnx-y)
F(A) = s exp - —3— | for 20
AovZx 20 & o0
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2

Mode: \g * expu-o )

Medfan: %o g = explu) = /2 X/

L

Mean: by exp(u+02/2)

2 2 2
Variance: 8 = exp(2uto ) « [exp(o )-1]

Where ) {s the component failure rate in number of failures per a given
time period; L is the failure rate upper bound and xl is the failure
rate lower bound.

The logarithms of the values of the random variables of a log normal
distribution are normally distributed (i.e., belong to a normal or
Gaussian distribution function). The skewedness of the log normal
distribution allows one to account for rather high, or unlikely, com-
ponent failure rates. The log normal distributfon was therefore used to
bound the expected failure rate values for STS/Centaur components.
Failure rates were assumed to remain constant with time. In other .
‘words; e.9.; a-shift tn the mein value of a failure rate for a component -
with time was not considered {n this analysis. This assumes {a) that

the fncidence of burn {n failures will not significantly affect the
results and (b) that the incidence of wear-out fatlure will not signifi-
cantly affect the results.
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5. VEHICLE RESPONSE MODE FAILURE PROBABILITY CALCULATIONS

Since only category 1 fai!ure§ are considered in this analysis, the
failure rate for each STS/Centaur response mode can be calculated from
the following Boolean expression:

X'xlUXZUX3UouUX“ ‘1)
where x1 are the individual component failyre rates for each response
mode and U represents the union of events, f.e., plus in Boolean

notation.

Expansion of this Boolean equation into probability form is obtained
using the following expression:

n n i-1 n {-1 §-1
PO = DL P(X) = DL D P(X,)P(X,) + > P(X,)P(X, P(Xk)
{=1 {22 §=1 123 §=2 k=1
p °
~eee + (<13 1 op(X,) (2)
1=1 !
. or . -. -P(X) = Sum of fndfvidual probabilities
~ Sum of products of two at a time
+ Sum of products of three at a time
- etc.
+ Product of all
For two components
PX) = P(X,) + P(X;) - P(X,aX,) (3)
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where P(X,AX,) is written as P(X,/X,)<P(X,)
~For independent events where failures X; and X, are not correlated
For small faflure rates, terms such as P(X,)-P(X,) can be neglected.
Then

PIX) = P(X,) + P(X,) : (5) -
Neglecting 2nd and higher order terms in this analysis will have
negiigible effect on the final results, as the individual expected
failure rates of STS/Centaur coimponents are expected to be small (see
Tables A-1 through A-3, 81, and Cl through C4 of the Appendix).
Equation (2) neglecting 2nd and higher order terms becomes

A .n-. PO

PIX) = z P(X;) (6)

i=1

This is the form for P(X) used in this analysis.
The computer program developed under contract NAS 10-9374 was used to
calculate the mean and S0% bounds of P(X) for each combined vehicle
response mode from liftoff to Centaur-STS separation. Input to the
program is the upper and lower bounds of each lognormally distributed

component failure rate. -

Each response mode fallure probability can be presented as an a-priori :{
probability or as an a posteriori probability. The a-priori value is an
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unconditional probability and is only concerned with the event at time ¢
{.e., it is the probability of failure in the interval t to t + dt
without any regard to whether prior failure has occurred. The a-
posteriori probability is a conditional probability and is a more com-

plete answer since it is calculated with regard to whether prior failure
has occur “ed.

The failure probabilities/second as calculated by the program are the a-
posterfori failure probabilities. It will, however, be useful to quote
these probabilities over the complete time period during which each
response mode can occur. The equation for performing this calculatfon
is derived in the following manner, assuming a negative exponential
distribution for component mortality:

T+t T+t
At

Pfai'lure =f f(T)dT =fxe dar
T T

-AT

= e (l-e-Xt

) (7

. Equation (7) is. the a-priori -probability of failure in the period T to. .

T+t. This equation must be divided by the probability of survival up to
time T to obtain the a-posteriori probability of failure.

Therefore

-AT -t
& (1-e”7) . 4 a2t

Prailure AT 1-e (8)
i.e., for the exponential distribution of mortality and constant failure
rate A, the equation is identical to that for the cumulative probability
of failure from T=0 to T=t. In this analysis however, t is the time
period during which each response mode can occur,
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6. RESULTS

The results of this study are presented in Table 6-1. The results of
the study covering flight phases from 11ftoff to MECO, which excludes
the impact of Centaur failure modes, are presented in Tables 6-2 and 6-3
(taken from Reference 11). The results of the study covering flight
phases from MECO to payload deployment, which also excludes the impact

.of Centaur failure modes, are presented in Table 6-4 (taken from Refer-

ence 10). Table 6-5 consolidated table for all flight phases, from
1iftoff through payload deployment, which includes the impact of carry-
ing Centaur in the STS. Table 6-6 defines the item failure modes, in
terms of the tables of the Appendix, relevant to each vehicle response
mode.

A1l of these tables, 6-1 through 6-5, contain the conditional failure
probabilities per second from 1iftoff to payload separation, i.e., the
failure probabi]ities in the time period t to t+l seconds given that a
failure has not occurred prior to t. The probability values are pre-

_ sented as a.mean with upper. and lower bounds, consistent with the use of

the lognormal distribution to describe the uncertainty in component
failure rates. Given the nature of the uncertainty in an analysis of
this nature, a point estimate value would prove to be less than useful.

The interval failure probabilities from 1iftoff to payload separation
can be calculated using the failure rates of Table 6-5 and equation 8 of
Section 5 where t is the time period in each interval. It is apparent -.
from equation 8 that these interval probability values will increase
with increasing value of t, {.e., the longer the interval, the higher
the probability of failure. The interval failure probabilities have not
been calculated here since, at the time of writing, the exact time
values for the Galileo flight (with Centaur) were not krown, (Refer-
ences 8 and 12 offer conflicting interval tiue values, from 1iftoff .
through payload deployment.) However, these interval failure probabil-
itias can be calculated in a few minutes with the atd of a calculator.
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. ' Table 6-3.  Estimated ‘Loss of Control and Tumble' (SRB
Case/Nozzle Failure) Fatlure Rates (From
Reference 11)

!
FAILURE RATE (1/SEC.) %

TIME SPAN CASE 1 CASE 2

(3EC.) (TOTAL PROBABILITY = 2 x 10°3) (TOTAL PROBABILITY = 2 x 1u=4)

0-10 7.2€-5 1.28-6 ]
]

10-70 1.9€-5 1.8t-6
70-1¢5 2.6E-6 ' 2.6E-7 3
!
!
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It is worthwhile noting some interesting results as outlined in Tables
6-1 through 6-5. The first of these is thac the Category 6 vehicle
response mode probabilities, for the period 11ftoff through MECO, are
roughly a factor of two higher with Centaur in the Orbiter payload bay
as contrasted with an empty payload bay. This {s evident from a com-

~ parison of the failure rates for case number 6 of Table 6-1 with case

number 6 of Table 6-2.

The failure rates generated for case number 6, for the period MECO to
completion of RCS separation burn, cannot be directly compared from tie

" results of Table 6-1 and Table 6-4. Table 6-4, case (a), was generated

under a previous contract (Reference 10) without the application of
weighting factors on the compunent failure rates.* If welighting factors
had been employed in this earlier study, the effect would have been to
reduce the case (a) (External Tank Punctured) failure probabilities
quite significantly. The application of weighting factors on the com-
ponent failure rates, for this combined STS/Centaur study (but not in
the earlier STS study from MECO to payload separation), accounts for the
apparent anomally between the results of category 6 (Table 6-1) and case’
(a) of Table 6-4 (for the period during RCS separation burn).

*A further comparison can be made between case number 10 of Table 6-1 and .

case (d) of Table 6-4. These are essentially the same cases, where
number 10 of Table 6-1 {s for the combined STS/Centaur vehicle and case
(d) is for the STS only. (The failure modes contributing to case (d) of
the earlier study contributed to case number 10 of this study for the
combined vehicle. All component failure rates were assigned /1 weighting
factor in this combined vehicle ana]ysis.)‘ The effect of carrying
Centaur in the Orbiter is to increase the failure rate for case number -

TThe application of weighting factors was suggested by NASA, and im-
plemented by the J.H. Wiggins Company, for the STS Range Safety
Hazards Analysis (Reference 11). This analysis was completed about
21 months after the STS failure probabilitfes, from MECO to payload
separati~a, were produced (Reference 10).
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10 by a factor greater than two. This difference would be even more
marked than 1s evident from a compartson of Tables 6-1 (case 10) and 6-4
(case (d)), if weighting factors had been applied to the component
failure rates in the earlier analysis (case (d)).

Table 6-5 presents all fourteen combined STS/Centaur response mode
failure rates from 1iftoff to payload deployment. This combined table

is an amalgamation of Tables 6-1, 6-2 and 6-4.

Cases 12 and 13 of Table 6-5 presert failure rates which were computed
from an earlier analysis (Reference 10). As a consequence, and because
transporting Centaur in the Orbiter did not impact cases 12 and 13,
their probability values do not reflect the impact of weighting factors
on the component failure rates. For cases 12 and 13 of Table 6-5,
therefore, the fatlure rates quoted are likely to be high by a factor
estimated between 2 and 5 (assuming the NASA weighting factors are
valid). S

One further pofnt {s worth noting; that is that the results presented
in Table 6-5 do not include the impact of potential Spacecraft failure
modes. Although the inclusion of Spacecraft failure modes was outside
the scope of this study,” their potential impact should be considered.

On the positive side, however, the wmpact of Spacecraft failure modes on. -

the final results, as presented in Table 6-5, is likely to be small.

It is important to note that no credit has been taken in this study for
emergency procedures which could in certain circumstances mitigate the
effects of certain component failure modes. These procedures will have
increasing chances of success with success'vely higher time periods in
which action can take place. The time available for mitigating actions
related to vehicle response modes 1 through 10 (Table 6-5) are relative-
1y short and, given the nature of these vehicle failure modes, any
action fs likely to be unsuccessful. Mitigating actions are, however,
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likely to be highly relevant to vehicle behavior mode 13. The component
failures listed for the aft RCS and OMS contributing to response mode 13 -
may, in certain circumstances, be circumvented by actions of the crew.
Although it was not part of the objective of this study to consider
mitfgating actions, the results quoted must be considered against this
backdrop.
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APPENDIX A

CENTAUR FAILURE MODES
(Liftoff to Centaur Deployment)
(Contributing To Combined STS/Centaur Behavior Modes;
Nos. 6, 10, 11(a), 11(b) and 14, As Outlined In Table 3-4)

The failure rates quoted in this Appendix are in units
of hour,~! unless otherwise stated
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Table A-1.

Categories 6, 10 and 11(a) (Page 1 of 8)

VEWICLE AND SUB-
SYSTEM

o STRUCTURE!
TAMK STRUCTURE

TANK STRUCTURE
TAM STRUCTURE

TAM STRUCTURE

TAK STRUCTURE

TAMK STRUCTURE

TAMK STRUCTURE

TANK STRUCTURE

TANK STRUCTURE

TANK STRUC TURE

TARK STRUCTURE
PROPULSION SYSTEME
v.noéuis'ximl sv'sr.:n
PROPULSION SYSTEM
PROPULSION SYSTEM
;::';E‘PJESSURIZAYION
TAns PRESSURIZATION
SYSTEM

TAng PRESSURIZATION

SYSTEM

TANK PRESSURIZATION
SYSTEM

TANK PRESSURIZATION
SYSTEM

TANK PRESSURIZATION
SYSTEN

TAXK PRESSURIZATION
SYSTEM

TANK PRESSURIZATION
SYSTEN

ITEm
CYUIMDRICAL LM, TANK WELDS
FORWARD BULKMEAD WELDS
FORVARD TANK nxué WELDS
AFT LH, TANK RING WELDS

tHy TANK COMICAL TRANSITION
wefos

L0, TAM AFT RINGS WELDS
CYLINDRICAL L0, TAMK WELDS
DOUBLE NALLED INTERKEDIATE

BULKHEAD WELDS

AFT BULKKEAD WELDS

FORMARD DOOR WELD

L9, TAK ENGINE FEED FITTING
L0, TAMK ENGINE FEED FITTING
L0, FEED DUCT? (FROM TAKK
T0'L0, PRE-YALVE]D . - .
L0, FEED DT PRE-VALVE

LN, FEED DUCTS (FROM TAXK TO
LHg PRE-VALYE)

LM, FEED DUCT PRE-VALVE
FLEXIBLE LINE (BETWEEN C1SS
& DEPLOYMENT ADAFTER)

LIKES 8 FITTINGS (4000 PSI
SECTION UP TQ GRIFACE I¥ DE-
PLOTHENT ADAPTER)

MAKUAL SHUTOFF VALYE (IN DE-
PLOYRENT AJAPTER}

DEPLOYMENT ADAPTER FILTER
PILOT OPERATED SOLERDID
YALYE (I DEPLOTHENT ADAPTER)

CRIFACE (Im DEPLOYHENT
ADAPTER)

LIKES & FITTIRGS (BETWEEM
ORIFACES & DISCONNELT PAKELS
< 4000 Ps1)

FLOKIBLE LIuE (RETWEEW CEAT-
AUR & DEPLOTREXY ADAPTER)

1TEMS

12

20

1 SEY

FAILURE MOOE
WELD RUPTURE
WELD RUPTURE
WELD RUPTURE
WELD RUPTURE
MELD RUPTURE
WELD RUPTURE
WELD RUPTURE
WELD RUPTURE
WELD RUPTURE
WELD RUPTURE
RUPTURE OF FITTING OR AT

TARK TO FITTING WELD
RUPTURE OF FITTING OR AT

TANK TQ FITTING wELD

RUPTURE OR GiiOSS LEAKAGE
RUPTURE OR GROSS LEAKAGE
RUPTURE OR GROSS LEAXAGE
RUPTURE OR GROSS LEAXAGE

GROSS RUPTURE

GROSS RUPTURE

GROSS RUPTURE
GROSS RUPTURE
GROSS RUPTURE
GROSS RUPTURE

GROSS RUPTURE

FAILURE RATE

-00€-07

00£-10

PR

1.00€-07
1.00€-10

1.00£-07
1.00E-10

1.00£-07
1.00€-1v

1.00£-07
1.00E-10

1.00£-0%
1.00£-08

1.00£-08
1.00E-up

2.00E-08
2.00e-07

2.00€-u?
2.00g-09

2.00E-04
2.000-07

2.00€-07
2.0uE-09

2.00£-05
2.00t-Uo

2.00E-u4
2.00E-07
1.00€-07
1.00E-09

1.00E-u5
1.00€-vo

1.00E-07
1.00E-0%

1.00€-07
1.00E-0%

5.00£-05
5.00€-00
1.00€-05
1.00€-08

Centaur Failure Modes Contributing To STS/Centaur Behavior Modes -

WEIGHTING
FACTOR

AT
ACT
ACT
ACT
ACT
ALT

141

Palo
PRuw
. PalB

paia

POSS
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oo o

NO.
25
26
27
28

29

k3

32

a1

3

kY

38
33
4
4i
42
43
L)
45
46

47

Table A-1. Centaur Failure Modes Contributing To STS/Centaur Behavior Modes -
Categories 6, 10 and 11(a) (Page 2 of 8) '

VEXICLE AND SUD-
SYSTEM

TAK PRESSURIZATION
SYSTEM

TANK PRESSURIZATION
SYSTEN

TANK PRESSURIZATION
SYSTEM

TANK PRESSURIZATION
SYSTEM

TANK PRESSURIZATION
SYSTEM

YA PRESSURIZATION
SYSTEM

TANG PRESSURIZATION
SYSTEM
TANK szssunmﬂo“
SYSTEM
TAKK PRESSURIZATION
SYSTEM

TANK PRESSURIZATION
SYSTEM

TANL PRESSURIZATION
SYSTEmM

" TANC PRESSURIZATION ~

SYSTEM
TANK PRESSURIZATION
SYSTEM
TANK PRESSURIZATION
SYSTEM

TANK PRESSURIZATION
SYSTIM

[95:33 PRESSUHE‘RGGU-
LATION SYSTEMT»

C1$S PRESSURE REGu-
LCATION SYSTEM

C15% PRESSURE REGU-
LATION SYSTEM

€185 PRESSURE REGU-
LATION SYSTEM

C1SS PRESSURE REGU-
LATION SYSTEM

C18S PRESSURE REfU-
LATION SYSTEM

€155 PRESSURE REGU-~
LATION SYSTEM

CISS PRESSURE REGu-
LATION SYSTEM

1TEn
OXIDIZER & FUEL DISCOMNFCTS

CHECK YALVE (L0, TAK SIDE
1§ CENTAUR}

CHECK VALVE (LMy TANK SIDE
IN CENTAUR)

CHECK VALVES {FURTHEST FROM
LOZ [ an TANKS )

ORIFACES (IN CENTAR L0,
TN SI0E)

ORIFACES {18 CENTAUR LM,
TAMK S10€)

P1LOT OPERATEO SOLENOLD
YALVE (L0, TANK SIOE NEAREST
ORIFACE)

PILOT OPERATED SOLENOID
VALVE (LK TAM SIOE)

LINES & FITTINGS (FROM LO
TANK .70 15T SCLENOID uué
& JST CHECK ¥ALVE)

LINES & FITTINGS (FROM LM
TANK TO 1ST SOLENOID ¥ALV
& 1ST CHECK VALYE)

PILOT OPERATED SOLEKCID
VALYES (TWO YALVES On SACH
TAMK SIDE FURTHEST FROM ORI~
FACES)

'CHEER VALYES (MEAREST LW,

TAK ON GHy CHARGE LINE)
ORIFACE (BETWEEN LK,
PRESSURIZATION LINE"A Gy
CHARGE LINE)

L0, TANK PRESSURE TRANSDUCERS
[ ;XYTXNGS

LH, TANK PRESSURE TRANSDUCLRS
§ FITTIRGS

C15S MANUAL SHUTOFF ¥ALYES
C1SS FILTER

C1$S DISCONNECT

C15S LINES & FITTINGS (UP-

STREAM OF REGULATORS)

C155 SOLENQID OPERATID VALVES
(UPSTREAM OF REGULATORS)

C1SS CHECK YALYES

C1SS PRESSURE TRANSDUCERS &
FITTINGS

CISS REGULATORS

-

1

SET

SET

FAILURE WO0E
GROSS RUPTURE

RUPTURE OR GROSS LEAKAGES
RUPTURE OR GROSS LEAKAGES
GROSS RUPTURE

RUPTURE OR GROSS LEAKAGES
RUPTURE OR GROSS LEAXAGE®

RUPTURE OR GROSS LEAKAGES

RUPTURE OR GROSS LEAXAGES

RUPTURE OR GROSS LEAKAGES
RUPTURE OR GROSS LEAKAGE®

GROSS RUPTURE

RUPTURE OR GROSS LEAKAGE®

RUPTURE OR GROSS LEAKAGE®

RUPTURE OR GROSS LEAKAGES
RUPTURE OR GROSS LEAKACES
GROSS RUPTURE

GROSS RUPTURE

GROSS RUPTURE

GROSS RUPTURE (BETWEEW REGU-

LATOR & IST SOLESOLD vALYE)
GROSS RUPTURE (YALYES mEAREST
TO REGULATORS)

GROSS RUPTURE

GROSS RUPTURE

6R05S RUPTURE

FAILURE RATE

LI Y
1.00€-07
1.00E-09

2.00E-07
2.008-09

2.00€-07
2.00€-09

1.00€-07
1.00€-09

2.00€-07
2.00E-09

2,00€-07
2.00E-09

2.00€-07
2.00E-09
2.00E-07
2.00E-v9

2.00E-04
2.00E-07

4.00E-04 |

4.00£-07

1.00€-07
1.00£-09

2.00E-07

2.008-09
2.00E-07
2.00E-v9
2.00E-05
2.00E-00

2.0UE-05
2.00E-08

1.00E-07

1.QUE-08" .

1.00€-05
1.00£-08

1.00E-07
1.00E-v9

1.00€-04
1.008-07

1.00E-07
1.00E-09

1.008-07
1.00E-09

1.00E-0%
1.00E~v8

1.00E-07
1.008-09

WEIGHTING
FACTOR

POSS
ACT
ACT
POSS
ACT
ACTY
» ACT
ACT

AT

. PALB

P5%

PSS

PRI



49

50

55

5%

by

Y4

63

64

(33

Table A-1. Centaur Failure Modes Contributing To STS/Centaur Behavior Modes -
Categories 6, 10 and l1(a) (Page 3 of 8)

YEMICLE AND SuB-
SYSTEN

C1S$ PRESSURE REGU-
LATION SYSTEM

C1SS PRESSURE REGU-
LATION SYSTEM

C1SS PRESSURE REGu-
LATION SYSTEM

C18S PRESSURE REGU~
LATION SYSTEM

C15S FRESSURE REGY-
LATION SYSTEM

C155 PRESSURE REGU-
LATION SYSTEM

€155 PAESSURE REGU~
LATIUN SYSTEM
BursE SYSTEM
PURGE STSTEM

PURGE SYSTEM

PURGE SYSTEM

PLRGE SYSTIM

PURSL SYSTEM

PURGE SYSTEM

PURGE SYSTEM
PURGE SYSTm
PURGL SYSTEM

PURGE SYSTEM

1TEn

C1SS LINES & FITTINGS (DOWN-
STREAM OF REGULATORS)

C1SS SOLENOID OPERATED VALYES

(DOWNSTREAM OF REGULATORS)

C1SS/OEPLOYMENT ADASTER
FLEXIBLE LINE

C155 SOLENOID VALVES (Ue-
STREAM OF REGULATORS)

€15S SOLENOID YALVES (DOWN-
STREAM OF REGULATORS)

C1SS LINES & FITTINGS (uP-
STREAM OF REGULATORS}

CLISS LINES & FITTINGS (DOWN-
STREAM OF REGULATORS)

He PURGE LINZS YO 28 vac
RECIRL PumMP. MOTORS

CiSS FLEXIBLE LInES

OEPLOYMENT ADAPTER SOLENOID
VALVES

DEPLOYMENT ADAPTER LINES &
FITYINGS (DET<EEN C1S5/0E-
PLOYMENT ADAPTER FLEX LIME
& 1ST SOLENOID vALNES)

DEPLOYKENT ADAPTER LINES &
FITTINGS (COMWECTING SOLE-
NOID YALYES, DAlFAZES, CHECK
VALYES ETC.)

DEPLOYMENT ADAPTER LINES &
FLITINGS {BETwEEN CRIFALLS
& FLEXIBLE LINE TO TANK IN-
SULATION}

DEPLOYMENT ADAPTER LINMES &
FITTINGS (BETWEER CRIFACES
& ENGINE PURGES)

DEPLOYMENT ADAPTES FLEXIBLE
LINE {TO ENGINE PJRGE)

DEPLOYMENT ADAPTER FLEXIBLE
LINE (TO TAM !NSLATION)

DEPLOYMENT 4DAPTER TANK ¥-
SULATION 03 ST0MELT

CENTAUR LInES & FITTINGS (70
L0> & LH, TANK PRESSUR|IA
Ti0% LIkE, L0, vEWT $TAND
PIPE, LD, T PREISURE
TRnsDuCERS LTC.

.
1TEMS

1 SEY

2

1 SE7

1 SET

2 SETS

15

L ser

1s¢e7

1 SET

1 SEY

§ SEY

FATLURE MOOE

GROSS RUPTURE (FROM REGU-
LATOR YO LAST SET OF PARAL-
LEL YALVES)

GROSS RUPTURE (YALYES NEAREST
TO REGULATORS)

GROSS RUPTRE
GROSS RUPTURE (VALYES
FURTHEST FROM REGUATORS)

GROSS RUPTURE (VYALYES
FURTHEST FROM REGULATORS)

GROSS RUPTURE [FROM we SUPPLY
TO IST SET OF PARALLEL
VALVES)

GROSS RUPTURE (FROM LAST SET
OF PARALLEL YALLES 10 ClSS/
DEPLOYMENT ADAPTER FLEXIBLE
LINE)

RUPTURE OR LEAGZAGE AMD LOSS
OF MOT0R Pu%‘f&&:\.ln{ FROM
ORIFACE IN PREUWATIC SYSTEM
TO MOTQR)

GROSS RUPTURE

GROSS RUPTURE (1SY SEY OF
PARALLEL YALVES YO INSULA-
TION & ENGINE PURGES AND ALl
YALVES TO Loz/wz FILL/DRAIN/
¥ENT)

GROSS RUPTURE

GROSS RUPTURE

GROSS RUPTURE

GROSS RUPTURE

GROSS RUPTVRE
GROS5S RUPTURE
GROSS RUPTURE

AUPTURE OR LEMAGELY

FAILURE RATE

xu' ‘t

2.00€-04
2.00E-07

1.00£-07
1.008-09

1.00€-05
1.00€-08

1.00£-07
1.00E-09

1.00£-07
1.00€-v9

1.00£-04
1.005-07

1.00€-04
1.uGE-Q7

2.00E-04
2.008-07

1.00€-08
1.00E-J8

1.00€-07
1.00E-09

5.00E-05
5.00E-vo

4.00t-ué
4.0uC-us

1.00E-04
1.0uE-va

1.00£-45
1.U0E -0

1,00€-08
1.00L~ua

1.00g-07
| Ry LN

b3

4.0
4.L

~

ns
“iLe
Uk-u

WEIGn" N,
FACTOR
POSS

POSS
P0SS

PROB

PCSS
POsSS

P35S

P03S

Puad
PISY

[SFH

[NF3Y
(23
Pusy

AT



NO.

00

67

69

-1

72

73

4

79

by

8l

82

83

o4

85

86

87

VEHICLE AND SUB-

PURGE

PURGE

PURGE

PURGE

PURGE

PURGE

PURGE

PURGE

PURGE
PURSE

PURGE
VENT
VENT

VENT

VENT
VENT
¥INT
YENT
YENT
VENT
YENT

VENT

SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEm

SYSTEM

SYSTEM

SYsTEM

sysTEMs?
SYSTEMS

SYSTEMS

STSTEMS
STSTEMS
SYSTEMS
STSTENS
srsTonstd
SYSTENS
SYSTEMS

SYSTEMS

o oy o .3 PSR
Table A-1. Centaur Failure Modes Contributing To STS/Centaur Behavior Modes -
Categories 6, 10 and 11(a) (Page 4 of 8)
FALLURE RATE
0. WEIGHTING
11EM 1TENS FAILURE MODE R FACTOR
CENTAUR ORIFACES (10 LO 4 RUPTURE OR LEAXAGE 2.00€-07 AT
TANG PRESSURE TRANSOUCERS, 2.00E-09
CENTAUR ORIFACE {BETWELW 1 GRUSS AUPTURE 1.00£-07 POSS
PYRO VALVE AND INSULATION 1.00E-09
PURGE LINE}
CENTAUR ORIFACE (TO HYDRAU- 2 GROSS RUPTURE 1.00g-07 P0SS
LIC RECIRC. MOTOR PURGE 1.00£-09
CENTAUR CHECK YALVE (NEAREST 1 RUPTURE OR LEAKAGE 2.00€-07 AT
T0 L0, TAMK PRESSURE TRANS- 2.00£-09
ouceré)
CENTAUR CHECK VALVE 1 GROSS RUPTURE 1.00€-07 P0SS
{FURTHEST FROM L0, TAMK 1.00£-09
PRESSURE TRANSOUCERS)
CENTAUR PYRQ OPERATED VALYE 1 GROSS RUPTURE 1.00E-07 P2%S
(10 PRESS. TRAKS. PURGE, 1.U0E-03
£1C.)
CENTAUR SOLEWOID OPEAATED 2 RUPTURE OR LEAKAGE 2.00£-07 st
VALVE (T0 PRESSURE TRAKS. 2.00E-99
PURGE, ETC.)
CENTAUR SOLENDID CONTROLLED 1 GROSS RUPTURE 1.00£-07 PISS
SELF REGULATING VALYE (1D 1.09E-09 I
L0, VENT STAND-PIPE)
LMy TAMK, INSULATION PLRGE 3 GROSS RUPTURE 1.00E-05 LS5
vERT, 40 TRANSDUCERS 1.00E-Ud
LK, TANK, INSULATION PURGE 2 GROSS RuPTURE 1.00€-07 °.55
vERT, RECIEF VALVES 1.00E-09 ‘
{H, TANK, INSJLATLON PURGE 1 SET ° GROSS RuPTURE 1.00£-08 L5t
VERT, LINES & FITTINGS 1.00-07 ,
tH, TANK SELF REGULATING 1 RUPTURE OR LCAKAGE 2.00E-0? act
veRT vaLvE 2.00€-09
LM, PNEUMATIC QPEN, SPRING- t RUPTURE OR LEAKAGE 2.00E-07 AT
LoRD CLOSED, BAcL VAGYE 2.00E-u9
LINES & FITTINGS (BETWEEN 1 SET  RUPTURE OR LEAKAGE 5.00£-05 AT
LW, TANK & MECHANICAL YENT 5.0uf-us
valves)
LH, TANK THROTTLING REGU- 2 RUPTURE OR LEAKAGE 2.00€-07 Azt
LAYoRS 2.00E-u8
LW, TANK TWERKO VENT SYSTEW 2 RUPTURE OR LEAKAGE 2.00€-07 ace
SHETOFF YALYES 2.00£-09
LINES & FITTINGS (BETWEEM 3 SETS  RUPTURE OR LEAXKAGE 5.00€-05 ALY
LNZ TANK HX & ¥ALYLS) §.00E-v8
LH, TANK 3-WAY PNEUMATIC 2 RUPTURE OR LEAKAGE 2.00£-07 AL®
alves 2.00E-09
LINES B FITTINGS (BETWEEW 1 SLT  RUPTURE OR LEAKAGE 5.00€-35 POy
LHy VENT YALYES © CISCOMNECT) $.00E-u8
LM, TANC HEAT EXCHANGER 1 FAILURE OF KX TAME MOUN(ING 3.00¢-08 PR5
3.006-11
LM, TAik ELECTRICALLY DAIVEN 1 FAILURL OF PusP OR MOTOR 3.00£-08 e
Py TAMK MOURTINGS 3.00E-11
LW, TAMK YENT DISCONNECT 1 RUPTURE R LEAXAGE 2.000-07 Puss
2.00£-09



NO.

1]

L 1}
L2
L2
9
95-
96
7

bE)

9

lve

Table A-l.

e R 2
B IRV Al ey

Categories 6, 10 and 1l(a) (Page 5 of 8)

VENICLT MO Sud-
FARALS)

VENT SYST(nS

VENT STSTimg
VENT Sy§TINS

vEnl SY$M
VENT ST
VENT $vSTIng
VINT SUStiS
VENT SWTEYS
WINT SraTtes
vERY SYSTNS

VENY 3YS

VINT SYSTENS
AT RTINS

£l :R':u
ST3TEme e

Fliw A0 oW
LSRR
Fluy Q400 3w
IR ]

Tiou SRAN Juw
S131E

Fioe JRAN Jon
AN

Flol JRAIN Sow
SYSTL

INTERMID AL Bt
LA TLLIEF SysTim

InTLR A BAK-
REAL RELIEF $ysugm

INTERWEDIAYL B
nEAD RLLILE BY3lx

1Tim

LD: TAMK SELF REGULATING VENT
ALVl

TANK PREUMATIC OPEN,
ilm‘mw CLOSED, SAL
nu

LINES & FITTINGS (SETMLIN
L0, TAMC & WECHARICAL vEWT
valvEs)

10y TAMK ELECTRICALLY DRIVEM
v

L%y TANK VENT SYSTEM €183
Tlscoring LI

u g™ VENT SYSTEN ORBITER
37 BARMEAD FLERIBLE LI

Ly TANK VENT SYSTEM ORBLTER
.S-noor FLEXIBLE LIk

u TAMR VENT SYSTEM ORSITER
1 BRRNEAD DISCONNECT

My TAMK VENT SYSTIM ORBLITER
w:i-mv DISCONNECT

LMy TANK VENT SYSTEM C1SS
PRUURATIC SHUTOFF BALL YRLYES

LINES & FLTTINGS (BETNELN

vENY SYSTEM (15 vALNES
& FUly DISCOMNECT PAMEL FlEX.
Ling

LINES & FITTINGS 13{Talln
CI83 (my SHuTOFF vALV(S &
10T BARREAD FLEx, LINE

LINES & FITTINGS (BETullN
C18S LWy SRUTOFF YALVES &
ORBITER "RID-BIOY VERT}

- ey TANK PYRY smogr,.mv;s. .

LINES & FITTINGS (BETwitw
Ly T AND PYRG SnyT0fFF
vACvES)

Ly YAk OUMP LINE Quile.
[23 31 L 1 ¥4

8y TANx PYRO SHUTOFF WAL(VES
LIHES § FITTIRGS (BETullm
“‘Z TARK AND PYRO SHUTOFY
VALYE

Tawk DUNP LINE QUilKe
DISTONNECT
PRESSURE TRANSOUCERS

CHETK WALVES

DIScoNNcLT (AT AFY FuiL

- PAniL}

o S wM‘*“‘ EE

s e o o 0 B A

w0,
1314M

1St

s

18

1 st

1547

1Y

FALLUAL WL

RUPTURL OR LEaxAct

RUPTVARL OR LTARAGL
AUPTURE OR LLEARAGL

FALLURE OF POe 04
0w

RUPTURE OR LUARMK
AUPTURE OR LEARAGE
RUPTURE O LEAMAR
RPTURE O LEARAGL
RUPTARL OR LEARAGE

[WPTURL OR Llaagt

RUPTURE DR LRAALL

RATRE 00 LEMAGE
RAPTCRE TR LEAMAGL

RUPTURE OR LLAsAsl

RGP TRE OR LEAAGE

RUPTURE OR LLAnAGL
RUPTURL OR LTArAdL

RPTURL R (Taxad

RUFTURE CR LEAXAGE
RUPTURE OR LEMasE
KU TR DR WA

R TGEY O (EMAGE

R TAm

FAILVRE RATE

| W ¥

2.008-07
2.00L-0%

2.00C-07
2.000-09

$.00€-08
$.00L-07

€.00t-08
§.00E-11

2.00€-08
2.00E-08

2.00£-0%
2.000-04

2.008-08
2.00E-08

2.008-07
T.000-0%

2.00€-07
2.00E-0%

00807
T.QuE-29

$.00€-38
$.E-38

1.008-37
LOAE-0%

7.00€-28
100t va
1.00E-07
1.00E-v8

1.008-07
1vE-08

1.00€-08
1,900
1L.Q0E-?
1.9

P.U0E-08
. 0ut-v8

2.00€-07
[ ]

1.000-
X-kw’

Centaur Fatlure Modes Cont-ibuting To STS/Centaur Bahavior Modes -

wtiGaling
FACTOR

4]

['44

ALY

(2]
PJ3%
[ 217
POsS
[ P14
[ 23
'953

LM
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124
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126
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Table A-1. Centaur Failure ﬁodés'Contributin

Categories 6, 10 and 11(a) (Page 6 of 8)

VENICLE AxD SuB-
SYSIiN

INTERMEQIATE Bukk-
MEAD RELICF SYSTEM

INTERIREDIATE BuLk.
HEAD RELICF SYSTiM

INTERREOATE BuLK-
HEAD RELICF SYSTEM

INTERMEDIATE Bk~
NEAD RLLILF SYSTEM

INTERMEDIATE Buta.
NEAS RELICF SysTim

INTERMEQIATE Buik-
WEAD RELIEF S15TEM

1SS MELIUM SyppLyl®
C1SS NELTuM SupPLY
C1SS MELIUN SuPPLY
C18S nELTum SupPLY
CISS mELIUM SuPPLY
cvxss HELLUM SUPPLY
CENTAUR HELIUM

SuPP L

CENTAUR WELIUM
SuPPLY

CENTAUR WELTuM
SuPP LY

CENTAGK wELIom

SuPPLY

CENTALR wELIum
SuPPLY

CENTAGR WELTuM
SuPPLY

CENTALR nELIum
SuPP.Y

REACYZO, CONTRUL
BARML Y

REAZTION CONTROL
SY3TEm

REACTION CONTROL
9Y5TLm

REAZYION CONTRQL
SYSTEN

w0.
1Tin [R(C1Y
ORIFACL (FROM ORBITIR GN, 1
PURGE )
C18S FLEXIBLE LIS ]
€138 vEnY ) 1
LInES & FITTINGS (BETWEEN 1T

CAviTY 3 DLSCONNECT)
LINES & FITTINGS (In C1S3) 1 87

CHECK YALVES H

NELLOt 8. TNLLS 20

C18S,/CRB, TER DISCOMNELY 1

FLEximE Int 3

PI.OT QPERATED SOLENQ:D 4

VALYE

CHECK VALYES 2

LINES 8 FITTINGS 1 5€Y

FILTER 1

CHESK YALVES 4

LINES & FITTINGS (RETeLEIN 1oy

CUNTALR/ 1SS DIscommi T &
 REGULATOR) L.

RESSURE REGULATOR 1

RELIEF waLvES 1

MELI UM BOTTLLS 2

LINES & FITTINGS (BEToElw 1 sty

REGU.ATOR & 15T PYRG waLv(S

OF Ny, & ENGINL CONTROLS

S'S!tng)

WYDRAZINE (kM) SUPPLY TAm A

{FutL stog)

NYORAZINE SUPPLY TAMK (iMe 1

SIDE ABOYE LINiR)

¥ «( TANK ISOLATION PYRO 4

|inls (ON UPYTREAM TAam

PROSSURIZATION 310()

vy

WoMe TAREL TSOUATION PYRD
vh¥es (or oowusTREn wp,
S1et)

FALLURE WOOE

RUPTURER OR LEAXAGE

RUPTURL OR LEARAGE

RUPTURL OR LEAKAGE

RUPTURE OR LEAKAGL

RUPTURE OR LEAXAGE

SLOCAAGE

GROSS RUPTURE

GROSS RUPTURE

GROSS RUPTURE

GRQSS RuPTURE

SROSS RUPTURL

GROAS RUPTURE

GROSS RUPTURE

GROSS RUPTULRL

GRQSS RUPTURE

GROSS RUPTURE

SROSS RUPTURE

RUPTURE & FRAGHENT PROPAGA-
1o

GROSS RUPTURE

RUPTGRE QR LEAXKAGE

GROSS RUPTURE

QROSS RUPTURE

TRAPTURE OR LEAAGE

FAILURE RATE

‘U . l‘
2.000-07
2.00(-09

2.00€-08
2.00L-08

2.00€-07
2.00(-09

2.00C-04
2.00¢-07

§.000-08
5.00€-00

2.00€-Q7
2.00L-v9

.00¢-7
-9

1
1
1.00€-0?7
1.00¢-09

1.00€-0%
1.00E-08

1.00¢-07
1.008-u9

100002
1.00£-08

2.00€.04
2.00E-u7

1.008-08
108 -v8

1.00L-9?
L.Cot-uy

1.00¢-0?
L.ovi-ud

.00E-07
2.00k-u9
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Table A-1.

Categories 6, 10 and 11(a) (Page 7 of 8)

VEWICLT M0 Sup-

SYSTIn

REACTION CONTROL
SY3TIN

REACTION CONTROL
SYITEN

REACTION CONTROL
SYSTEM

REACTION CONTROL
STSIEN

REACTION ConTROL
SYSTEM

WYORAGLIC STSTEN!®

HYQRAULIC SYSTEM
HYDRAULIC SYSTEM
NYORAULIC SF¥STIN
RYJRAULLIC SYSTEN
MYDRAULLC STsTEm
NYORAULIC SYSTER
HYDRAUL IS SYSTEM
HMYJRAYLIC SYSTEM
“NYORALL K

SN{MATLT VALY N
CONTRIL SYSTEN

PNEUNATIC vALYE
CONTIROL SYSTIM

PNLUMATIC vALvE
CONTRL 5Y5T{n

PRluMATIC vALYE
CONTROL SYSTIN

Pul MATIC VALYE
CONTROL SYSTEM
PRl UMATIC wALYE
CONTROL STSTENM
PREOMATIC VALYE
CONTROL 3YSTIM

PHEMATIC ALl
CONTROL $¥STINR

CRICE

(314 ]

LINE (ON UPSTRIAR Gre S10C
OF TAmA)

LINC (0l DOwNSTRENS N
$ipt) ™

FLLL & MENT vA YD (Om UPe
STREAM Ghe S100 OF Tam)

FILL & DRAIN VALYE (Om DOWN-
STREAN S100 OF Wyng Thm)

PRESSURE TRANSOUCERS (Om
FutL $I0€ OF YAma)

PRESSURE & RETURM LInES (Ine
CLUDING JOINTS & FLTTINGS)
SERVO vALYE

MAKIFOLO ASSEMBLY

ENGING DRIvEs Pue@
RECIRCULATION Pue@

RLLLEE VALYES

CHECK VALVES

PROSSURE TRANSDUCER

TEMPLRATURE TRANSDKER

' DISCOMNECTS”

DEPLOYMENY ADAPTER (1N{5 3
FITTINGS YO PRESATIC ACTI.
VATED VALYES

DEPLOYMENT ADAPTER SXN.INOLD
VALYE {TO PNLUMATLL ACTI-
VATED VALVES)

DEPLOTMENT ADAFTIR FLERIBLE
LIRES (TO PufumATIC ACY
YATED YALYLS}

OEPLOYHINT ADAPTER-TINTAWR
PRLMATIC YALVE ACTUATION
D1SCORNLCY

CENTAUR CMECK YA ¥E§ (TO
PREUMATIC ACTIVATED vAuv(lS)

LINES & FITTINGS {DOMNSTRIAN
OF RLGULATORS 1w L1838 W
FiLL/Duse & vENT v (S)

C159 Jomay SOLEWCID VALYE
ALTUATORY

C138 SOLLuOI0 CAC3S (Oue
WECTION YALVES

17Ems

1887

1887

2 ST

4 s

FAILURE MOOL

GROSS RuPTURE (Lint B{TWEEW
MpNy TANR AND {SO0LATION PYRQ
v‘d(x

RUPTURE OR LUARAGE (LiIng
BUTWELN NoNg TAMA AND 1$0-
LATION-PY 0 VALYES)

GROSS RUPTURE.

RUPTURE OR LEAAAGE

RUPTURL OR LEARAGE AT TA
FITTinG

GROSS RUPTURE (PRESSURE LINE

- 100 P51 wnlh IN SMUTTLED
GROSS RUPTUAL

GROSS RUPTURE

CASE RupTURE

CASE RUPTIRE

GROSS RUPTURE

GROSS RUPTURE

GAJSS RUPTURE AT FITTING
GROSS RUPYURE AT FITYTING

GROSS AUPTURE

GROSS RUPTURE [FRIM SOLENDID
VALYES TO FLERIBLE LiNC)
GROSS RUPTURE

GROSS RUPTLRL

GROSS RWPTURL

GROSS RUPTURE

CROSS BUPTURE

GROSS RUPTARE

GROSS RUPTLAL

FAILURE RATC

L1

. 3

$.00€-08
$.0E-us

$.00€-0%
$.000-0y

1.00¢-07
1.00(-09

1.00(-07
1.0E-09

- 1.00E-0%
1,00t =08

1.008-04
2.00E-07

1.00€-07
1.00¢-09

1.00E-07
1.00E-99

1.00€-07
1.00E-u9

1L.WE-0?
1.00E-08

1.00¢-07
1.00E-09

1.00€-07
1.0ug-09

1.00E-0%
1.0ug-08

1.008-0%
1.oug-08

1.0uE-07
LowEk~J9

3.00€-V5
3.00E-08

1.008-07
1.000-09

1.00€-05
1.00t-00

1.00¢-07
l.odt-u9

1.00C-v7
1.0E-09
1.00t-04
1.0u0-07
1.00{-0?
L.GuC-09

1.000.07
1.00€-09

Centaur Failure Modes Contributing To STS/Centaur Behavior Modes -
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Categories 6, 10 and 11(a) (Page 8 of 8)

YinICLE AND SUS-
137N

PNLUATIC YN
CONTRN SYSTIN

Pl MATIC wALYL
CORTROL SYSTEN

Paf MATIC YALYE
cOnTdL $YSTEN

PRLMATIC vAv
CORTLOC SYSTAm

Pap Al WALV
CONTEdL SYSTen

PN ST YALVE
cRTRA SV TEm
CINTaR sTR.CTurgs?!

CENTAR STRWTURES

CEATALR STRUCTURES

CENTALR $TRUCTURES
CONTAR STRW TWRES
CENTAGR STRUCTURES
CEATALL STRWTURES

CANTALE STRUTWRLS

CENTAR TR TURES .

w,
ine s
C1SS PRESSURE TRANSOUCERS 0
CENTAUR SOLLNOLD CROSS CONe l
NECTLON YALYLY
LINES & FITYINGS (TO vEnY & LIRS

OuP YALYDS N CEnTAuR)

CENTAUR J-WAY SOLEWOID wALYVE 10
ACTUATORS

CONTAUR L%, T vINT vALVE ]
3-wAY SOLEROID ACTUATORS

CENTAUR LO, Tum vENT VALY( 1
3-uAy sou‘oxo AC TUATOR

CONICAL SPACCIRAFT ADAPTIR 1
FORWARD ORBIYLR (EINTAUR 3
SUPPORY STRUC TLRE (1MSLVU0ING
TRUNIONS)

FORRARD ORBITLR CiNTALR ]
ATTA HNENTS

CENTAUR SUPPORT STRUC TURE oWt
LAFTY (im0 ine TRURIONS)

CENTAUR SUPPORT SYRUC TURE $
LAFT) ATTACHNTS .

CYLINORICAL STUB ADARTIR 1
AFT ADAPTER 1
DEPLOYMINT AQAPTIR (INSLWD- 1 wlt
NG TRuwlONS)

RITATION NESHANISM $y."..\ﬂ.! Ll ‘.'i'._!

STRUCTORE (InCuvDite RELL
PN}

FALLURL MO0K
GROSS RuPTUAC
CRONS RUPTURE
SROSS RUPTURC
GRUSS RUPTUR(
1%ADYERT(NT QPERATIONEY

INADYRTENY OPERATIONDY

" sTRucTuRAL conuarsgd?

SNUTTLE § LOADYS)

COLLAPSE OF ust 12) 0% aCEL
(L) STRITARE® Y (SHUTTLE g
LIS}

COLAPSE OF FORWARD SILL
VAYCY 1) FORWARY ALEL LAT(H
LU nu Tl g LOADMY

STRWTuRAL COLLAPsEdd
USnGTTE g LOADS)

STRCTURAL COLLAPSESd
[(RLIS 4 S WO NI

ST TLRAL COLLAPSESS
USRCTILE 3 LOADS}

STRK TUkAL COnLApspdd
ASNUTTOE g L0AdY)

SRS ToRAL COLLARSLSd
(SNLTICE § LOADS?

STt An (ouarsidt

(SRRt § LOADS)

FALLURE AATE

1.00t-04
L.t en?

1.006-0?
Lodvt-uy

300t -u8
J.00C-ve

3.00€-08
J.00E-vo

3. 00¢-v8
J.we-il

3.00E-0>
J.ovt-il

3-8
J.00E-11

3,000
3.09€-11

J.E-v8
J.ovt-11

3.00k-0n
Jooutstl

J.00E-08
3.00E-11

J.00g-08
L NVV 2% 84

3.0 -0
LN S
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Table A-2. Centaur Fatlure Modes Contributing to STS/Centaur Behavior Mode
: Category 11(b) of Table 3-4 (Page 1 of 6) :
FAILURE RATE
VINICLE ANO SUB~ . WLIGAT N
. SYSTEN [R{{] 1TEms FALLURE mMOOE LR FACTOR
1 TAw STRUWCTURE 10; TAM AFT RINGS WELDS 4 ¥ELD RUPTURE 1.00€-07 At
) 1.008-10
2 TAW STRUCTURE CYLINDRICAL LO, TAMK WELDS 2 " WELD RUPTURE 1.00£-0? At
] 1,001y
3 TAMK STRUCTURE DOUBLE WALLED INTERMEOIATE I WELD RUPTURE 1.00€-07 3 s
BULKNEAD wELDS 1.000-10 T
4 TANK $TRUCTURE AFT BULKHEAD WELDS [ WELD RUPTURE 1.00£-07 At
1.00E-10
5 TAML. STRUCTURE L0, AN ENGINE FEED FITTING ] RUPTURE OF FITTING OR AT 1.00£-05 At
TAN 10 FITTING WELD 1.00€-08
® PROPULSLON SYSTENE 10, FEED puCTd (FROM Tk T0 1 SET RUPTURE OR GROSS LEAKAGE 2.00€-04 I3
107 PRE-VALVE) 1.00¢-07
7 PROPULSION SYSTEM L0, FECO DUCT PRE-vALYE 1 RUPTURE OR GROSS LEAKAGE 2.00E-07 (N
2. WE-Q9
8 TAMk PRESSURIZATION FLEXIBLL LINE (BETWEEN C1SS 1 GROSS RUPTURE 2.00C-35 PRuD
SYSTEN & DEPLOTMENT ADAPTLR) 2.00E-us
[ TANA PRESSURIZATION LINES & FITTINGS (4000 PS] 1 set GROSS RUPTURE 2.00€-04 PROY
SYSTEN SECTION UP TO ORIFACE Iw Of- 2.00E-07 :
PLOYMENT ADAPTER)
w TANL PRESSURZATION MAMUAL SHUTOFF VALWE (1N OC- 2 GROSS RUPTURE 1.00€-07 (TR *
SYSTEM PLOYMENT ADAPTER) 1.00E-09
1 TANL PRESSURIZATION DEPLOYMENT ADAPTER FILTER Y GROSS RUPTURE 1.008-0% PRIS
3Y57EM 1.00€-00
12 TANK PRESSURIZATION PILOY OPERATED SOLENOID WALYE 20 GROSS RUPTURE 1.00¢-07 PR33
SYSTEM (1% DEPLOYMENT ADAPTER} 1.000-99 _
13 TANK PRESSURIZATION ORIFACL (IN DEPLOYMINT 6 GROSS RUPTURE 1.00£-07 PR, &
SYSTLM ADAPTER) 1.000~09 .
14 TANK PRESSURIZATICH LINES & FITTINGS (BETWEEW 1 oset GRCSS RUPTURE §.0UE-U8 Iy
SYSTEN QRIFACES & DISCONNECT PANELS $.00€-08
< 400 PST)
15 TANKL PRESSURIZATION FLEXIBLE LINE (BETWEEN CEWT- 3 GROSS RUPTURE 1.00E-05 ¥ads .
SYSTEIM AUR & DEPLOYMEAT ADAPTER) 1.wk-ue . ’
- 360 . TANL PRESSURITATION . OXLYI2ER & FUEL DISCONNELTS - 3 GROSS RUPTURE 1.00€-? LB
SYSTEN 1.00E-uy
17 TANK PRESSURIZATION UMECR VALYVL (L0, TARK S1DE IN 1 RUPTURE OR GROSS LEANAGE® & WE-? Y
SYSTEM CENTAUR) 2.00E-uy
1o TANA PRESSURIZATION CHECK VALYES (FURTALST FROM 2 GROSS RUPTURE 1.00£-07 Pasy
SYSTEM L0, & LMy TANKS) 1.00E-09
19 TANK PRESSURIZATION ORIFACES (1% CENTAUR L0, F RUPTURE OR GROSS LEAKAGES 7.008-0° [N T
SYSTEN TAK $100) 2.000-08
20 TANL PRESSURIZATION 1LOT OPERATED SOLEMOID VALV ] RUPTURE OR GROSS LEAKAGE® 2.00£-9° A
SYOTIM {00; YANK SI1DL NEAREST OR}e 2.000-u
Fach
21 TANL PRESSURIZATION LINES 8 FITTINGS (Faom L0 1 8¢7 RUPTURE OR GROSS LEMAGES 2.00{-04 AT
SYSTEM TAw TO 15T SOLENDID vAL 2,097
& 18T ONECK vALYE)
22 TANK PRESSURIZATION PILOT OPLRATED SOLCMOID 4 GROSS RUPTURE 1.006-07 Pood
SYSTIN YALVES (Tw) vaL vl ON EADM 1.00t-09
Tamn S10C FURTHESY FROM ORY.
FALLS)
]| TAM PRESSURIZATION 10, TAx PRESSUAL TRAMSOUCLARS s . RUPTURE OR GROSS LEAxAGL® 2.00(-08 Y
SYSTIM [ Ex"lu(.s 2.0k-00 . 7
v
v%_;lw._ﬂm e [ s ke P T A R T N AN AR i il " ade. TR g




‘Table A-2. Centaur Fatlure Modes Contributing to STS/Centaur Behavior Mode
‘ category 11(b) of Table 3-4 (Page 2 of 6)

FAILURE RATE

- » VERLCLE MWD Suse . ¥EIGHTING
0. SYSTEN 1nn 110 FALLURE WODK LR FACTUR
) ] €185 PRUSSURL RECu- C1SS MANUAL SMUTOFF YALYES t GRO3S RuPTURE 1.000-0? PR08
> LATION SYSTEM ! 1.00 U9
25 C158S PRESSURL REGU~ CISS FILTIR 1 GROSS RUPTURE 1.00€-0% PROS
LATIUN SYSTEN 1.00{-08
s C18S PRESSURE RLGU- C15S DISCOommECT 1 GROSS RUPTURE 1.000-07 PRI
LATION SYsTEm [, 1.ovi-09
27 C18S PRESSURE REGU- C18S LIngS & FITTINGS (UPe 18T GROSS RUPTURE (BETMEEN REGU- 1.000-04 (2 0]
LATION SYyT(m STR{AM OF REGULATORS) LATOR & 1ST SOLEMOLD wALYE) 1.00tE-07
] C13S PRESSURE REGU- C15S SOLEMQID OPERATEO VALVES 3 GROSS RUPTURE (VALVES MEAREST 1.00€-0? PRUB
LATIUN SYSTEN {UPSTREAN OF REGULATORS) T0 REGULATORS) ) 1.00E .09
i C18S PRESSURE REGU- C1SS CxEOX WALVE ) ¢ GROSS RuPTURE 1.00t.9? (133
LATI{ON SYSTEM R I\ STV ]
EY C18S PRESSURE REGU- C1SS PRESSURE TRANSOUCERS & ) GROSS RUPTIRE 1.00€-0% LYY
LATION SYSTEn FITTINGS 1.00E-vs
3 CLSS PRESSLRE REGu- C1$S REGATORS 3 GROSS RUPTURE 1.00t-0? PRI
LATEON SYSTEN 1.00E-09
3’ C18S PRESHURE REGU- CISS LINES & FITTINGS (DOwM- b OSET GROSS RUPTURE (FROM REGULATOR 2.00E-04 LY
LATION SYSTEH STREAM OF REGULATORS) TO LAST SEY OF PARALLEL 2.00€-07
YALVES)
33 C13S PRESSRL REGUs C1SS SOLEMQLD OPERATED VALVES H GROSS AUPTURE {(VALVS NEAR- 1,000y PSS
LAT 0N SYSTEN (OOMNSTREAM OF REGULATIRY) [T TO REGUATORS) lowg-u9
34 C15$ PRESSURE REGY- CLSS/DEPLOYMENT ADAPTER \ GROSS RUPTURE 1.00-0% [EH
LATIUN $¥3 %N FLENIBLD LN . 1. 0ul-J8
35 C158 PRESSURE REaus C1SS SOLEWQID .vALVES (uP- 3 GROSS R/PTURE (VALYIS L.ooeg? PRI
LATION St5T¢n STRIAM OF REQULATORS) FURTHEST FRUM REGULATORS) o L.owk-uy
o C15S PRISSURE REGue C15S SOLENDID WALWES (OOwN- 3 GROSS RUPTURE (VALVES 1.oot-0? O
LATION $¥5T(n C STREAN OF REGULATORS) FURTREST FRONM REGULLATIRS) Lot -8 ‘
» C155 PRESSLRE REGU- C1SS LINES & FITYINGS (uP. 1 SEY GROSS RAPTURL (FROM we SUPPLY 1.00E-04 Prop
LATION SYST(M STREAR OF REQJLATURY) 19 18T SLT OF PARALLEL 1007
VALVES)
38 C18S PRESSORE REGU- CLSS LINLS & FIVTINGS {OOwN- 10144 GROSS RUPTURE (FROM LAST SEY 1.906-04 AR
S0t o LATION SYSTEM: . L STREAM-OF REQWATERST . . . - OF PARMLLEL WALVES TO 15y [TV SV e
. DEPLOYMENT ADAPTER FLEXIBLE
LINED .
» puRat SysTEnd Ne PURGE Liuf$ YO 28 Ve 2 SETS RUPTURE OR %MAG{ 40088 OF 2.00E-4 PodY
RECIRC. P MOTORS MOTOR PLRGESY (LINE FROM DR}~ .07
FALE 1w PNLUMATIC $Y§Tim 10
noToR}
&« PuRal SYSTEIM C1SS FLEXIBE Lings H GROSS RuPTuRE 1.00E-0 LS
; ’ b.out-ud
f 41 PURGL SYSTEM OLPLOTMENT ADAZTIR SOLEWID 13 GROSS RUPTURL (18T ST O 1000 LN
H vALVES PARALLEL YALNES TO [aSuiA- 1.008-09
! Tionw & CuGlnE PURGES B AL
YALYLS T0 LOp/lHy FLLL UnAlN
" vint)
«Q PURSE SYSTIM DEPLOYMENT ADAPTTR LIMES & 1 s(t GROSS RAPTURL §.000-0% DTS
FITUimay (BETwiiM (198 20+ $.SL-08
PLOYNENT ASAPTER FLEnigel
- LINE & 15T SOLEWID YALVIS)
4 PURGE SYSTIN SEPLOYMINT ADAPTLR LIN(S & 1 seT SROSS rupTuAL 4.00(-08 LTS
FITTINGS (COMmECTING SOLL 4.00t-08

WOLD vALYES, ORIFACES, (MK
ALY S LK)

O TG S TISOEVENCH TP URNPU S XU y SR B PSS O




. ~Tahle A2, (Centaur Failure Modes Contributing to STS/Centaur Behavior Mode
Category 11(b) of Table 3-4 (Page 3 of 6)

’ : FAILURE RATE
- VENICLE AND Suil. 0. wELGnTING
W, o oaw 1Ten 1TEns FAILURE W0OL T FACTOR
. . - . -;, DEPLOYMENT ADAPTER LINES & 1 oSET 6R0SS RUPTURE 1.00€-04 0SS
- n S FITTINGS {BETWECH DAIFACES & . 1.0uE-u8
. PR =~ FLERIBLE LINE 10 TANK In
o ~ L = SULATION)
N LSl T TEROSTIIN DEPLOYMENT ADAPTER LINES & 1 sev GROSS AUPTURE 1.00£-04 P2sS
) FITTINGS (BETWECH ORIFACES & 1.0UE-u8
ENGINE PURGES)
gnImGE SYSTIM DEPLOYMENT ADAPTER FLEXIBLE 1 GRO5S AUPTURE 1.00£-0% »0SS
s = LINE (70 ENGINE PURGE) 1.00¢-08
Iy PURGE SYSTEM DEPLOYMENT ADAPTER FLEXIBLE 1 GROSS RUPTURE 1.00€-08 PSS
LINE (TO TAMK INSULATION) 1.00E-3¢ -
48 PURGE SYSTEM DEPLOYMENT ADAPTLR TANK IN- 1 GROSS RUPTURE 1.00-0? POSS
) SULATION DISCOMMECT 1.00£-09
.
49 PURGE SYSTEM CENTAUR LINES & FITTINGS (TO ) SEY °  RuPTWRE OR LEAkAGE}! 4.000-04 AT
N ) . L0, TAM, PRESSURIZATION LINE, 4.00E-u7
o — 103 vEuT STAN) PiIbE, LO
- T Aﬁ- nzsmt rmswc:is
50 PURGE SYSTEM CENTAUR ORIFACES (10 LO- TAMA 4 RUPTURE OR LEARAGE 2.008-3? AT
PRESSURE YRANSDUCERS, £YC.) 2.00E-09
- T PURSE SYSTEM CENTAUR ORIFACE (BETWEEN PYRD 1 GROSS RUPTURE 1.00E-97 Puss
VALYE & INSULATION PURGE 1.uE-09
LI}
52 PURIE SYSTEM CENTAUR ORIFACE (TO WYDRAU- ] GROSS RUPTURE 1.00f-u7 PS>
LIC RECIRC. MOTOR PURK 1.00(-09
53 PURGE SYSTEM CENTAUR: CHECK” VALVE TNEAREST 1 AUPTURE OR LEAKAGE 2.99(-07 AT
T0 L0, YANK PRESSJRE TRANS 2.9uE-wy
puctrs) .
53 PURGE SYSTEN " CENTAUR CHECK VALVE (FURTHCST 1 GROSS RUPTURE 1.00E-0? PLSS
FROM 10, TAWa PRESSURE TRANS- 1.008-09
DUCERS )
55 PURSE SYSTEM CENTAUR PYRO OPERATED VALVE 3 GROSS RUPTURE 1.000-07 (ANY
{70 PRESS. TRAKS. PURGL, 1.00€-99
L L oL R} . .
F7 PURGE SYSTEM CENTAWR SOLEROID cou'muzo 1 GROSS RUPTURE 1.uug-o? Posy
SELF REGULATING YALYE {TO 1.00g-0» -
L0, VENT STAND-PIPE}
57 PURGE SYSTEM TANK, INSULATION PURGE 3 GROSS RUPTURE UV ST Piys
ﬁr AP TRANSQULERS 1.0vE-us
58 PURGE SYSTEM TANL, INSULATION PIPE 2 GROSS RUPTURE 1O0E-0T - Pusy
vehr, RECIEF vAovES 1.00-09
59 PURGE SYSTEM TARK, INSULATION PURGE 1T GROSS RUPTURE 1.00-ud IS
ir LINES & FITTINGS 1.0¢0-v"
oV VENT sysTomsi? LH, TANK SELF REGULATING VENT 1 RUPTURL OR LEAKAGE 2.000-? At -
. alve 2.00€-09 .
1 vENT systewstd LINES & FITTINGS (ETwEEW 1sET RUPTURE OR LEAXAGE 5.00L-08 PO
LMy VENT VALVES 4 DISCOMNECT) $.03{-d8
o YENT SYSTEMS LMy TANK MEAT EZCHANGER 1 FAILURE OF WX TANK MOUNTING 3.00€-08 PRI
- 3.00€-1%
s VENT SYSTEMS LH, TAMC ELECTRICALLY ORIVOW 1 FAILURE OF PP OR MOTOR TANMA 3.000-u8 PACH
3 ) WU TING 3.0t-11 L
ol VENT SYSTEMS LMy TANG VENT DISCOWNECT 1 RUPTURL OR LEARAGE 2.00€-97 $385-
. 2.00L-ud
1 VERT SYSTEMS L0, Tauk SELF REGULATING YEWT 1 RUPTURE OR LEAKAGL 2.00E-u? AT
afvi 2.09(-09

T
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Table A-2, Centaur Failure Modes Contributing to STS/Centaur Behavior Mode

Category 11(b) of Table 3-4 (Eage 4 of 6)

YEMICLE AuD Sub-
SYSTEN

VENT SYSTEWS
VENT SYSTENS

vilY SYSTEMS
VENT SYSTEMS
VENT SYSTEMS
VENT SYSTEMS
VENT SYSTENS
VENT SYSTEMS
VENY SYSTEMS

vENT SYSTEMS

VENT SYSTEMS
VENT SYSTEMS

FliL ORAIND
RS2 N
Floo JRAINDUMP
SY5TEM

FicL URAIN DuMp
SYSTiM

INTEAMEDIATE BuULK-
wiAD RELIEF SYSTimM

INTERHLDIATE Butk-
nEAD RELIEF SYSTEM

INTERMEQIATE BuLk-
nEAL RECIEF SYSTEM

INTERMEDTATE BuLK-
NEAD RELIEF SYSTEM

INTERMEDIATE BuLKk-
NEAD RELIEF SYSTEN

IWTEREDTATE BULK-
nEAD RECIEF SYST(R

INTERMEDIATE Bula.
nia) RELIEF Syitim

INTERREDIATE Bx.
nEAL RELIEF SYSTEM

17EM

L0, TANK PNLUMATIC OPEN,
SPRING-LOAD CLOSED, BALL
ALY,

LINES & FITTINGS (BETWIEW
Lo I:l’( & MOECHANICAL VENT
VALY

L0, TAMK ELECTRICALLY DRIVEN
rke

LM, TANK VENT SYSTEN C18S
YEEGSCOPWG LINE

LH, TANK YENT SYSTEM ORBITER
1387 BuLkwEaD FLEXIBLE LI

LM, TANK VENT SYSTEM ORBITER
wiB-800Y FLEXIBLE LI

WM, TANK YENT SYSTEM ORDITER
1307 BULKMEAD DISCONMECT

LMy TANK YENT SYSTEN ORBITER
nxﬁ-mv 01SCONNECT

LMy TAMK VENT SYSTM (15§
PIEM"C SHUTOFF BALL YALVES

LINES & FITTINGS (BETMCEM

LH, VENT SYSTEM C1SS vALYVES
] GUEI. DiSCONMECT PAMEL FLEX.
LINE)

LINES & FITTINGS (BETWIEN
C153 LN, SHUTOFF VALYES &
1307 BULKHEAD FLEX. LINE

LINES & FITTINGS (BETWLEW
C1SS LM, SHYTDFF VALYES &
ORBITER W1D-BOOY VENT)

L0, TANK PYRO SWUTOFF YALYES

LINES & FITTINGS (BETwitw

L0, TANK AND PYRO SHUTOFF
VALYE}

L0, TANK DUMP LINE QuICK-
DX§CONN{CT

PRESSURE TRANSDUCERS
CRECK VALVES
DISCORNECT (AT AFT FUEL

PAKEL

ORIFACE (FROM ORBITER GN,
PuReE )

€188 FLEXIBLE LINES
C1SS VENY
LINES & FITTINGS (SETWELH

CAVITY & DISCOMRElY)
LINES & FITTINGS (1w C1$5)

L
1T
1

1 SET

2 5878

1 sEv

1 s€Y

1 SEY

1 SEY

FAlLUAL WODE

RUPTURE OR LEAKAGE
RUPTURE OR LEAKAGE

FAILURE OF PUMP OR MOTOR TANK
NOUNTING

RUPTURE OR (BN, £

RUPTURE OR LEAXAGE

RUPTURE OR LEAXAGE

RUPTURE OR LEAKAGE

RUPTURE OR LEAKAGE

RUPTURE OR LEAXAGE

RUPTURE OR LEAKAGE

RUPTURE OR LEAKAGE
RUPTURL OR LEAKAGE

RUPTURE OR LEAXAGE

RUPTURE OR LEAKAGE

RUPTURE OR LEAKAGE
RUPTURE OR LEAKAGE
RUPTURE OR LEAXAGE
RUPTURE OR LEARKAGE
RUPTURE OR LEAKAGE
RUPTURE OR LEAXAGE
RUPTURL OR LEARAGS
RUPTURE OR LEAKAGE

RUPYURE OR LEARAGE

FAILURE RATE

["hl }

2.00€-07
2.00¢-09

$.00E-0%
$.00€-07

6.00€-08
6.00E-11

2.00€-0%
2.00E-08

2.00€-08
2.00£-08

2.00£-05
200604

2.008-07
2.00E-09

2.00€-07
2.00E-09

2.00g-07
2.00£-09

. 5.00€-35
§.0GE-us

5.0uE-35
$.0-us

$.00E-05
5.00¢-ua

1.008-07
1.0uE-09
T.00E-05
7.0ui-vo
1.00€-97
1.038-09

2.09€-05
2.C0E-un

2.0u6-07
2.UeE-y9

2.008-0?
1.00E-09
2.00£-07
2.00E-v9

2.008-05
1.0u(-08

2.008-97
T.wut-39

2.000-04
2.gt-J7

§.00€-0%
$.wi-ve

WEIGHTING
FALTGR

ACT

ACY

PR0D

POSS

PRss

PSS -

PJss

Pass

POSS

PO

RN REYY

PJsy

At

[

AT
AT

AT

AT
VALY
[

AT



Table A-2. Centaur- Failure Modes Contributing to STS/Centaur Behavior Mode
Category 11(b) of Table 3-4 (Page 5 of 6)

FAILURE RATE
VEMICLE AND SUB- : 0. WEIGHTING
SYSTEM 1res s FAlLURE MODE Ledy FACTOR
INTERMEDTATE BULLK- CHECK VALVES H BLOCKAGE 2.00£-07 (744
- HEAD RELIEF SYSTEM - 2.0u€-09
£15s HELTum SuPPLY}6  NELTUS BOTTLES 20 GROSS RUPTVRE 1.00¢-7 PROB
1.00€-9
CLSS HELIUM SuPPLY C1SS/ORBITER DISCONNICT 1 GROSS RUPTURE 1.00£-07 PROB
. 1.008-09
C1SS HELIUM SUPPLY FLEXIBLE LInt 1 GROSS RUPTURE 1.00€-05 PRIS
1.00€-08
C1SS HELIUM SuPPLY PILOT OPERATED SOLENOID .4 GROSS RuPTuRE 1.00€-C7 PRI
YALVE 1.00€-09
C1SS HELIUM SUPPLY CHECK VALYES 2 GROSS RUPTURE 1.00€-07 PRUB
1.00E-08
C1SS MELIUM SuPPLY LINES & FITTINGS . 1 SE7 GROSS RUPTURE 2.00E-04 PROB
2.00E-07
CENTAUR HELIUM SUPPLY  FILTER 1 GROSS RUPTURE 1.00€-05 PRCS
1.00£-98
CENTAUR HELTUM SUPPLY  CMECK VALYES ) GROSS RUPTURE 1.00E-07 PRIE
1.00E-09
CENTAJR HELIUM SUPPLY  LINES 8 FITTINGS (BETWEEM 1 SET GROSS RUPTURE 2.00£-04 PRIY
CENTAUR/C1SS DISCONNECT o 2.00e-0?
REGULATOR)
CENTAUR NELJUM SUPPLY  PRESSURE REGULATOR 1 GROSS RUPTURE 1.00€-37 PRO8
. . L 1.00€-09
CENTAUR HELIUM SUPPLY  RELIEF VALYE 1 GROSS RUPTURE 1.00€-9?7 PRLS
1.00E-09 .
CENTAUR MELIUM SUPPLY  NELTUM BOTTLES 2 RUPTURE & FRAGMENT PROPAGA- 1.008-7 PRt
Tion 1.00€-9
CENTAUR WMELIUM SUPPLY  LINES & FITTINGS (BETSTEN RE- 1 SET GROSS RWPTARL 1.00£-04 Pusy
GULATOR & 1T PYRD vALrES OF 1.00E-07
NoM, & ENGINE COhTROé
. s‘s?m) . .
REAITION CONTROL HYORAZINE SUPPLY TANK (GMe 1 GROSS RUPTURL 1.00€-07 PRIo" .
SYSTEM SIDE ABOYE LINER) 1.008-09
REACTION CONTROL Note TANK ISOLATION PYRD 2 GROSS RUPTURL 1.00€-3? Poy>
SYSTEM lil.’[s {On UPSTREAM TAXK 1.0vE-09
PRESSURIZATION $108)
REA’YIUN CONTROL LINE (ON PSTREAM GHe SIDE 1 sE7 GRISS RUPTURE (LINL BETWEEN 5.00€-05 PS>
SYSTE OF TARK) LFL) 4 TANK ARD 1S0LATION PYRO $.00L-08
\‘.vls)
REACTION CONTROL FILL & YONY vALVE (0K uP- 1 GRTSS RPTAL 1.008-Q7 Puss
SYSTEM STREAM Gre SI0E OF TAnK) 1.00€-09
HYDRAULIC SVST[N18 PRESSURE & RITURN LINES (IN- 2 SETS GROSS RUPTURE {PRESSURE LimC 2.000-04 by '
CLUDING JOINTS & FIYTINGS) ~ 100 PS1 wnin IN SHUTTLE) 2.00E-37
HYDRAULIC SYSTEM SERYD vALYES ] GROSS RUPTURE 1.00¢-07 LFH)
1.008-09
HYDRAJLIC SYSTEM MANIFOLD ASSEWBLY 2 GROSS RUPTRL 1.000-0? PO
1.00E-Q9
HYDRAULIC SYSTEM ERGINE DRIvEN PO@ H CASE RPTRE 1.006-07 PU§S *
1.00€-09
HYORAULIL SYSTEM RECIRCULATION PP 2 CASE R TRLE 1.008-07 PJ3s
1.00(-C9 -
HYDRAULIC SYSTEN - RECIEF YALVES 6 GROSS RUPTIRE 1.00€-07 oSy
1.00L-09
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Table A-2. Centaur Failure Modes Contributing to STS/Centaur Behavior Mode

Category 11(b) of Table 3-4 (Page 6 of 6)

Pln)

FAILURE RATE
VERICLE AXD SUB- 0. WEIGHTING
N0, SYSTEM ) 1TENS FAILURE MOOE W FACTOR
113 HYDRAULIC SYSTEM CHECK VALVES ] GROSS RUPTURE 1.00E-0? POSS
1.00E-09
14 HYDRAULIC SYSTEM PRESSURE TRANSOUCER 2 GROSS RUPTURE AT FITTING 1.00£-05 POSS
1.00€-u8
115 WYDRAULIC SYSTEM TEWPERATURE TRANSDUCER 2 GROSS RUPTURE AT FITTING 1.00€£-05 0SS
1.00¢-08
116 HYDRAULIC SYSTEM DISCONNECTS . GROSS RUPTURE 1.00£-07 POSS
1.00€-09
17 PNLLMATIC VALV DEPLOYMENT ADAPTER LIMES & 2 SETS  GROSS RUPTURE (FROM SOLENOID 3.00€-05 PaSS
CONTROL SYSTEM FITTINGS T0 PNEUMATIC ACTI- YALVES TO FLEXIBLE LINE) 3.00€-00
YATED VALVES
118 PNEJMATIC VALVE DEPLOYMENT ADAPTER SOLENOID 1 GROSS RUPTURE 1.00€-07 PIsS
CUNTROL SYSTEM VALVE (T0 PNEUMATIC ACTI- 1.00£-09
VATED VALYVES) .
113 PNEJMATIC VALVE DEPLOYMENT ADAPTER FLEXIBLE 2 GROSS RUPTURE 1.00£-05 POSS
CONTRL SYSTEM LINES (TO PNEUMATIC ACTI- 1.00£-06
YATED VALVES)
123 PREMATIC VALVE DEPLOYMENT ADAPTER/CENTAUR 2 GROSS RUPTURE 1.00£-07 POSS
CONTROL SYSTEM PNEUMATIC VALVE ACTUATION 1.00E-09
DISCONNECT
120 PREMATIC VALVE CENTAUR CHECK VALVES (TO 4 GROSS RUPTURE 1.00£-97 P3SS
CONTROL SYSTEM PREUMATIC ACTIVATED YALVES) 1.00£-u9
122 PNIUMATIC VALVE LINES & FITTINGS (DOWNSTREAM 4 SETS  GROSS RUPTJRE 1.00£-04 PUSH
CONTRIL SYSTEM OF REGULATORS JH C1SS 1O 1.00E-07
FILL/DUMP & VENT VALYES) '
123 PNEUMATIZ VALVE €155 3-wAY SOLENDID VALVE 20 GROSS RUPTURE 1.00€-37 PUSH .
COnTRIL SYSTEM ALTATORS 1.00E-09 :
128 PRDMATIC VALVE C1$S SOLENOID CROSS COM= 3 GROSS RUPTURE 1.00£-07 P3ss
ConTRd. SYSTEM NECTION VALVES 1.09E-09
125 PhiMATIZ VALVE 155 PRESSURE TRANSDUCERS 10 GROSS RUPTURE 1.09€-35 PIss
CONTRIL SYSTEM 1.0uE-ds
120 T PREMATIC VALVE " EENTAUR SOLENOID TRUSS CON: ~ ~° 2 GROSS AUPTURE 1.00-07 PSS’
CoMTRIL SYSTEM NECTION VALYES 1.0vE-09 .
227 PREMATIC VALYE LINES & FITTINGS (TO VENT & 5 SETS  GROSS RUPTURE 1.00E-94 PIs>
CONTRAL SYSTEM DU VALVES IN CENTAUR) 1.00€-07
126 PREMATIC VALVE CENTAUR 3-WAY SOLENOID VALYE 10 GROSS RUPTURE 1.00€-7 PIsS
CONTROL SYSTEM ACTUATORS 1.00£-99
129 PNIUMATIC vALYE CENTAUR LD, TANK YENT VALYE 1 INADYERTENT OFZRATION?O 3.00E-U8 AT
CONTROL SYSTEM 3-war SOLEROID ACTUATOR 3.00(-v0
13 CEwTAUR STRUCTURESS)  COMICAL SPACECRAFT AJAPTER 1 STRUCTURAL COLLARSESS 3.00€-us PISS
(SMUTTLE g LOADS! 3.0vE-11
131 CENTAUR STRUCTURES CENTAUR SUPPORT STRUCTURE 1 WN1T  STRUCTURAL COLLAPSEZY 3.00E-u8 PRCS
(AFT) (INCLUDING TRUM:OWS) (SWUTTLE g LOADS) 3.00E-11
132 CENTAGR STRUCTURES CENTAUR SUPPORT STRUC TWRE 5 STRUCTURAL COLLAPSEZY 3.00£-08 PRUS
(AFT) ATTACKMENTS {SHuTILE g LOADS) 3.0vE-11
133 CENTAUR STRUCTURES AT ADAPTER 1 STRUCTURAL COLLAPSEZY 3.00£-08 PRO3
(SMUTTLE ¢ LOADS) J.wt-1l
138 CEWTAUR STRUCTURES CEPLOYHENT ADAPTER (1MCLUD- 1 ukIT  STRUCTURAL COLLARSEZY 3.09L-08 Py
ING TRUNIONS) (SWUTTLE ¢ LOADS) 3.60E-11
135 CONTAUR STRUCTURES ROTATION MECHANISM SUPPORT L Wit sTRucTuraL couLapsg? 3.00E-08 PRuS
STRUCTURE [ INCLUDING REEL (5auTTLE g LOADS) 3.00€-11
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1.

3.

FOOTNOTES FOR TABLES A-1, A-2 AND A-3

Rupture of the LOp tank 1s considered to lead directly to the
failure of the LHy tank with resulting oxidizer propellant mixing
and fire and explosion in the payload bay. Rupture of the LHp tank
will not necessarily lead to failure of the L0, tank, but

sufficient oxygen is likely to be present in the payload bay (until
payload bay doors opened) to support combustion.

Duct includes tank-to-duct transition pieces, elbows, etc.
It is assumed that fuel and oxidizer 1s present in feed lines up to

pre-valves only. Not concerned with ruptures of feed ducts,
flexible joints, etc., downstream of pre-valves when Centaur 1s in

‘Orbiter.

Some parts of the system are under pressure equal to, or in excess
of, 4000 p.s.i. Other parts under considerably less pressure (<
SOQ_p;i)i Parts subjected to > 4000 pst pressure are assigned a

"weighting factor of 'probable'; parts subjected to << 4000 psi

pressure are assigned a weighting factor of ‘'possible.’

These failure modes (rupture and gross leakage) are considered to
result in direct and rapid failure of the tank. They have been
assigned a single failure rate, Relatively small leaks are not
considered catastrophic, since Centaur propellants can be dumped
and abort procedures initiated before tank collapse occurs. Back
up means are available for maintaining fuel tank pressures in the
event propellants are dumped.

Six of the solenoid valves on the LHp tank side and two on the LO;
tank side (in Centaur) are under back pressure from the tanks.
Gross leakage is therefore a potentially catastrophic failure wode,



100

11.

12.

13.

While Centaur 1s in the Orbiter, only two of the check valves in
the GHy pressurization lines are under back pressure from the LH,
tank. The rest of the dormant GHp tank pressurization lines,
valves, and fittings are excluded from the analysis.

Leakage failure modes have been excluded. Even if the system is
shut down (system leaks sensed from the Orbiter) the centaur helium
supply, and related pressure regulation, will take over essential
functions.

Except for Nos. 55, 65, 66. 69, and 72, leakage failure modes have
been excluded. Even if the system is shut down (system leaks
sensed from the Orbiter) time is available, even in extreme cases,
to dump propellants and initiate abort procedures. There is no
requirement for tank insulation system purge during the boost
phase. ’

Loss of motor purge is considered to potentially cause explosion
and fire of the recirculation pump of the hydraulic system.

Leakage or rupture, in certain line sections, could result in
direct failure of the fuel tanks.

Venting of the L0, tank is not necessary during the boost phase,
assuming the tank can absorb all energy input when L0, is
adequately mixed via the electricaliy driven pump. Therefore,
failures downstream of L0, tank vent valves are not considered to
be Category 1 and have been excluded from the analysis.

Ruptures or leakages downstream of the LHp vent valves could result

in gaseous hydrogen being released to the Orbiter payl.ad bay, with
the possibility of fire and explosion.



14.

15.

16.

17,

18.

19.

20,

s - T PP TIRAAS ~ 7 < o e inp - VT D

With the pyrotechnic shutoff valves on the fill/drain and dump
system normally closed (unless opened to durp fuel in an abort
mode) failures downstream of the lst set of pyro valves (closest to
tanks) cannot be classified as Cat 1 and therefore are excluded
from the analysis.

Inauvertent opening of normally closed fill/drain and dump valves
is not of concern since two or more valves would have to be
affected before inadvertent dump could occur. This {s not a
Category 1 failure mode and therefore is excluded from the
analysfts.

Leakage faflures are excluded as contributors to potential
catastrophic events. Instrumentation on the Orbiter will sense
these leaks and cause shut-down of the system. Back-up means are
available for providing essential helium supplies (Centaur helium
system) or essential functions in the event that C1SS heljum is not
available.

If rupture occurs.on- the GHe (tank. pressurization) side then
concern is for possible propagated effects. If rupture or leakage
occurs on NyHs (hydrazine fuel) side then fire and explosion is
considered probable up to opening of the payload bay doors.

A1l lines are assumed to be under approximately 100 psi pressure
while Centaur is in the Orbiter.

Rupture of any one line in the C1SS or Centaur pneumatic valve

control system wil) not prevent operation of fill/dump and vent
solenoid actuators, unless the failure propagates.

Inadvertent operation of solenoid actuation valves of the valve
control system could result in inadvertent operation of LHp and/or



21.

22.

23.

24,

S 2s.

Yola, oo
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L0z tank vent valves. Of concern is {nadvertent opening of
normally closed vent valves, which could lead to excessive venting

and tank coliapse. Inadvertent closure of normally closed valves
is of no concern since redundant paths for venting are availabie.

Failures of Centaur engine support structures have been excluded
even though they could result in failure of Centaur fuel lines. It
is assumed that fuel lines are empty upstream of tank pre-valves
and so any failures in this upstream section would be benign.

This failure mode could result in tilting of the spacecraft and Cod
failure of its hydrazine or helium bottles which could lead to fire f i
and explosion in the payload bay. '

This fatlure mode could result in tilting of Centaur, failure of
the LHp tank and fire and explosion in the payload bay.

This failure mode could.result in tilting of Centaur and failure of
the L0y tank (followed by the LH tank) or failure of Centaur He ~
bottles. The end result could be fire and explosion in the payload o

bay.

Should the Centaur fail toseparate from the orbiter, because of
failure for example of the Super*Zip, the Centaur would be rotated
back down into the payload bay and an abort sequence undertaken.
These types of failure modes are therefore excluded from the
analysis since they are not Category 1.

Two or more adjacent deployment adapter springs would need to fail
to cause a recontact of Centaur with the deployment adapter. This
is not a Category 1 failure mode and so is excluded from the
analysis.

S AR e T S N o S e e e et R RN WL e S e i nmﬁ




26. Rise-off fluid disconnects on lines less than 2 inches in diameter
will not pose a potential threat from re-contact of Centaur with
the Orbiter at separation. These small Yines are not considered
strong enough to pose a threat if they becowme hung up. '
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APPENDIX B

STS FAILURE MODES
(Liftoff to MECO)

(Contributing To Combined STS/Centaur Behavior Mode
No. 6-As Qutlined In Table 3-4)

The failure rates quoted in this Appendix are in units
of hour.‘l unless otherwise stated




Table B-1. Criticality 1 Component Failure Modes by Vehicle Response Mode Category (Page Y of 6)

CATEGORY 6: EXTCRWAL TARK PUNCTURED (FROM ORBITIR I1MBACT, SHRAPWEL, TPY FALLURES, CTC,)

s skt o i ot s e, + v R

Aevia med

no.| VEMICLE AwD 1en FATLUAE MO0¢ TIM o t1ms| DOC./PAGE | © wOTES FALLURL RATES  'ug 1GutinG
SuB STSTEM PERI00 N Y EACTOR®
1 | (Org) \;“LOI FEEOLINES TO CACH |RUPTURC OR LEAXAGE L.8,5.p ] §/966 1.00{-04 | 1.00€-07 | wacs
13
2 H0S (0R) 2° LMy RECIRCULATION 8Y- |MUPTURE OR LEARAGE LB ) 9/967,970 4.006-08 1 4.00€.08 | race
PASS RETURN LINES OF
Sy
¥ [neS (OR8) 107 BLECO, RECIRCULATION |RUPTURE OR LCARARE L.8,8,0 \ o $.000-08 [ S.00(.08 | repd
SUPPRESSTON L INE
ASSTMOLY
4 MAIN PRCPIASION [LMp FEED DISCONMECT PNEU- [FAIL TO REMATN OPEW CAUSEO| L,B,S,P \ 959 1.00€.07 | ¥ 00L-09 | raos
SYSTEM (ORS) mITIC SMUT-0FF VALVEL 87 FLAPPER LINKAGE STRUC.
: TURAL FALLURE
§ [ 1WS (0RS) 102 FEED DISCONNECT PmEu~ |FAIL TO REMAIN OPEN CAUSED| L.B,S.P \ /960 1.000-07 | 1.00€-09 | rece
PATIC SMUT-OFF VALVE BY FLAPPER LINKAGE STRUC-
TURAL FALLURE
!
6 §MAIN PROPULSION jwELTUN ACCUMULATOR (YO 1995 RUPTURE WITH RESULTING L.8,5:p ? 8/94) 1TE™ CALLEDY 1 00€-07 | 1.00€-09 | v0ss
SYSTEM (ORB) vALVES) DAMAGE TO SURROUNDING 'SURGE UMAMBER®
COMPOMENTS LR YRS
. 418
7 WS (OR8) G0» CHECK VALVE $SME FAILS TO REMALN OPEN L.8.5.F 3 9/98) 1.000-06 | 1.006-07 | erOn
1SOLATION ($70PS FLOW 10 €1)
& 125 (0R8) 107 RILIEF LINE RUPTURE OR LEARAGE L.8.5.p ] #/969 $ 00C-06 | 5.00€-08 = FXS
9 . GIMBAL ASSEMBLY [GIMBAL BEARING GINBAL STUCK CAUSED 8Y LESP ) NE/4-78, 1.00€-0% | 1.006-08 1 fess
(0R8) BEARING SEAJURE 510 ¢
t
10 | ielN PROPIKSION [wELTUR STORAGE TANKS GROSS RUPTURE LSS £:919,948, 100007 | 1.00£-00 | #088
SYSTEN (ORDG (4,000 PSTY ) 946,947 H
V1 nrORAGLICS (OR8] (TvC SERVO ACTUATOR YL INOERRUPTURE OR LEAMGE 1.8,5,pP [} 09 ()] S.00(.0% ) 5.00£-10 ¢ AT
1]
N | (N
12 0 KYDRALICS (ORBY “T¥C SERVO ACTUATOR POMER  [STUCK PONER VALVE SPOL [ L.8,3,F 3 #3800 () S.0n-07 ) S.00f-00 T ACT
vALVE t
o '
13 RYORAULICS (0A8) {T¥C SERYO ACTUATOR FITTER [CLOGGED FILTLR ELENENY 8. 3 £ 34 (d)  { 5.006.08 ! $.00E-00 i AT
TLEMENY ]
14 NYORAULICS (0RB) [TvC SEAVO ACTUATOR FEED: . [IN®ED. OR STPARATED MECn. | L B,8.P s [TALL (b)) s.000-07 5.000.08 | Fea
‘ BACK MECKANESN AN{S2T OR BROKEN T R e
: 3
18 1 MYDRAUL LS (DKB) [ RUDDER/SPEED BRAXE SwITCH. [RUPTURE OR LEAKAGE L.8.5,p \ N.f/1-21 (b) §.00E-08 ] S.00E-10 -~ FROR
ING VALYE QUTPUT MANIFOLD ,
3
16 T HYDRALICS (D28} {RUDDER/ SPEED BRAKE & RUPTURE OR LEARAGE 1.8.5.F ? LY JARN () $.006.08 | 5.00L-10 . R0
CHANKEL SERVO VALVE !
17 %YORALLICS {0RR) [ELLVON SERVO ACTUATOR RUPTURL OR L EARAGE 1.8,5,p 4 LT TARY th) S.000-08 [ $.00(-10 . Fion
CTLINOER ASSINBLY ;
1
18 AUTTLIARY BIlR [ APY GAS CENERATOR LEATAGE FROR DECOMPRESSTON{L,B,S,P 3 #/1093-10%8 ) S OME-08 7 S OM0R | PN
' (ORBLT{R) JCHAMBER SEAL FAJLURE DR
INJECTEOW TURE STRUCTURAL
FALLURE
19 L AURILTARY £Dmi® [APY TURSINE SHUT-OFF FAILS TO SHUT FROM (RRCRED| L.B,5,P ] 0270200 (b)Y, ()] SO0 ] S.00E-0& L fOSS
(0RB1¢R) SOLENGID VAL¥E SEAT, CONTAMINATION, LOG!C
FALL, ETC.
20 [ AUTTLIRRY POWER APy M FULL STORAGE TANKS!GROSS RUPTURL FROMMATCRIAZL,B.S.P b 91259 () $ OL0A | 5.00£.10 ¢ Feor
(oRptTie) DEFECTS

—

sy a1



‘Table B-1. Criticality 1 Component Failure Modes by Vehicle Response Mode Category (Page 2 of 6) |

CATEGORY §: EXTTRMAL TANK PURCTURED (FROM ORBITER INPACT, SHRAPMEL, TPS FAILURES. CTC.)

WICLE AND FALLURE NOOE TIM  Iwo.rtems| DOC./PAGE | WOTES FAILURE RATES  Iwe1gwTing

"o !&'séu. i L rErioo ) Yy Y FAcTon

21 [ACTIVE THEWWAL  |WATER SPRAY BQILER WATIR | GMnst suPTURE L85, ) o/ny () $.000-08 | $.00¢.10 | Poss
CONTROL (028) TANK ‘

22 [ACTIVE THIMAL  [VATER SPRAY BOILER W TANK|GROSS RUPTURE L.8.3,° 3 ane {v) 5.00(-08 | S.00€-10 | POSS
CONTROL (OR8)

23 [ACTIVE THERMAL | MPONIA BOILER AND PIPING |OVERPRESSURE RUPTURE L.8.8,F ? L AL - o) 1.00€-07 | v.00€-09 | POSS
CONTROL

20 CAFY AEACTION CON- MORCRETWTL NYORAZINE (M) | RUPTURE OR LEAXAGE OF L8852 ? ¥108-1004  {4) 1.00€-04 | 1.000.07 | POSS
TROL )Assmu FEEIINE NO FITTINGS LINES, YALVES OR FITTINGS i
(oas

28 [AFY REACTION COM- N20a ORIDIZER FEEOLING AND|RUPTURE OR LEAXAGE OF L.8.5,.° t w1040-100  {d) 1.00£-08 | 1.00€.07 | POSS
TROL ASSEWELY FITTINGS LINES, VALVES OR FITTINGS :
10R8)

26 AFT REACTION CON-;MO®1 AND %204 TANK ASSEN- |RUPTURE, LEAKAGE, OR TANK | L.0,5,P . 91042 (a) 2.00€-08 | 2.00€-10 | PrOS
TROL ASSEMELY RIES SEAL FALLLAE 2.006-05 | 2.00€-08
(OR8)

27 [AFT REACTION CON- Mot AND TARK FLEXIBLE{RUPTURE OR LEAKAGE L8.S,P| 12 /1048 (4) 2.00£-08 | 2.00£-09 POSS
TROL ASSDeSLY Glegt Joln
(Ore)

28 [ORBITAL MANFUVER [)00¢ AND X204 STORAGE TANKS!RUPTURE, LEAKAGE, OR Les.rl e [ ARRCERARE S 1) 2.00€-08 | 2.00€-10 | PROD
SYSTER {ORB) TANK SEAL FAILURE 2.00€-05 | 2.00€-08

79 {ORBITAL WANEUVER |romi AXD N304 FILL AND RUPTURE OR LEARAGE L85, ? s/ne (c), (0} ] 2.006-06 | 2.00¢-09 | ®Pnot
SYSTEM {ORS) ORAIN COUPLINGS

30 {ORBITAL WANCUVER |Moee AND W04 FELORINES RUPTURE OR LEAKAGE 1.8.5.F 4 VAL A0S BT} 1.000-08 | 1.00€-07 | wn0M
SYSTEM (OAG) YALVES :

31 ORBITAL MAREUVER ' GNp YANR SUPPLY TO VALVE | GROSS RUPTURE LBS.P 2 MDY (4) 2.00(-08 | 2.008-10 | POSS
SYSTEN {043) {2,500 PS1) ACTUATORS . .

32 |ORSITAL WANCUVER | GRy ACCUMRATOR GROSS RUPTURE LAS,PL 2 pras-11sg (c),(¢) | 2.00£-08 | 2.00£-10 | POSS
SYSTEM {0%8)

3 [ ORBITAL MANEUVER 'reat AKD N>04 FLEXIBLE RUPTURE OR LEARAGE Les.pp W2 w3213 (a) 2.00€-08 { 2.00€-09 | PROS
SYSTEM (0RB) GIRR L JOIRT .

3 | ORBITAL RANELVER "3 STORAGE TANKS (4,800 | GROSS RUPTURE L.0,5,p s eNIt0- 111y (g} 2.006-08 | 2.00€-10 | PoSS
SYSTEM (ORD) #31)

35 [ ORBITAL MAAEUVER | ENCING TO YENICLE FLETISLE] STRUCTURAL FATLURE ALLOW- | L.E.S.P{ ¢ sansang (4 2.00€-06 | 2.00£-09 { PRO8
SYSTEN (0R8) COMRECTOR NG LEARAGE

36 | ORBITAL MANTUYER {GIesil BING FORGING STRUCTURAL FAILURE CAUSTRG L.8.S.P! 2 . @NYM-11381 (c),(d) 12 00E-08 | 2.00€-10 | PROS
STSTCm (08B) (CMIRE ATTACHENRT) FAILURE OF FLERIBLE CON-

RECTOR

37 | ORRITAL RARTUVER | PEORTLLANT PAE AND POO EXTCRRAL L EAEAGE FRON LS g $/1201-1203 (¢).(d) | 2.00€-06 | 2.00€-09 | #DSS
SYSTIM (0R9) CROSSFEED COUPLING STRUCTURAL FALLURE

38| AFT REACTION STORAGE TANKS (4,000 | GROSS RUPTURE wiTh PRO. | L.OS.P] & €1032-103% () 2.00€-08 | 2.008-10 | POSS
CONTROL {(®S) al) POGATED FRAGHKTS RUPTUR.
ASSLRALY 1NG PROPELLANT TANKS

391 AFT REACTI(H €0 IRE BELLOWS ASSDMBLY EXTERNAL LEAXAGY FROM LA o WI0TO-N07Y (e),(d) [2.0%-08 | 2.00€-09 [0 ]
CONTROL ((28) STRUCTURAL FAILURE
ASSENRT

40{ SCPABATION NECH- | DETONATOR OF AFT ATTACH- | IKADVERTEXT DCTOMATION (X ] R56 3.006-06 | 3.00C-07 7 ACY
ARLSR (028, ET) | RINT FRAMGISLT WT SIGRAL '

SRR




.

CATEGORY §: ERTEAWAL TANK PUNCTURED (FRON ORBITER [MPACT, SNRAPNEL, TPS FAILURES, ETC.)

Table B-1, Criticality 1 Component Failure Modes by Vehicle Response Mode Category (Page 3 of 6)

ng.] VEMICLE AND (]} FALLURE MOOE VINE  (no. |TEMs| DOC./PAGE noTES FAILURE RATES WE 1GRT NG
SUB SYSTEM PERICO lv e FACTCR®
1
41 VSEPARATION WICH- | AFT TRANGINE MY PREMATURE FRACTURE THROUGH! L ,B,S.P ? $/98-99 3.008-08 | 3.00€-11 ACT
AN[SH (ORB/ET) STRUCTURAL FATLURE
42 ) SEPARATION MECH. | AFT BOLT STAUCTURAL FAILUAE L.B,S,p ? 8101 3.00€-08 | 3.00¢.11 ACT
‘anism (ORB/ET) : -
43 [ SEPARATION MECH- | AFY FRANGIBLE NUT CART- | INADYERYENT OPERATION L,8,5.° ] 9102 3.00€-06 | 3.20€.07 ACY
AWLSH (ORB/ET) RIDGE 8OOSTER
44 ' SCPARATION MECH. | PRESSURE CARTRIDGE OF INAOVERTENT OPERATION 1.9,8.° 2 9/10) 3.006-06 | 3.00€-07 ACT
ANISH (ORB/ET) FORWARD SEPARATION BRLT |-
45 1 SEPARATION WECH- | FORWARD BOLT STRUCTURAL FATLURE L.8,8,P \ #/104 3.00€-08 } 3.00€-11 AcY
ANISH (ORB/LT)
46 | ORB/{T FORWARD SUPPORT STRUCTURE STRUCTURAL FATLURE 1.8.5,P ] €-96/6-9 3.00£-08 | ).00€-1 ACT
ATTACHMENT .
A7 ORB/EY AFT SUPPORT STRUCTURE STRUCTURAL FAILURE L.8.5.P 2 €-0/6410 3.00€-08 | 3.00€-11 ACT
ATTACHMENT
48 i ORS/ET FORMARD | SPINOLES SEIZED {ROTATION SCIZURE) | 1,B,5.P ? E/P-C-%% 1.00€-05 | 1.00€-08 PoSS
ATTACHMENT
49 . ORB/ET FORMARD | ET BIPOD FITTINGS SEIZED (ROTATION SETJURE) | L.B,S.P 2 £/P-C-$8 1.00€-05 | 1.00€.08 POSS
ATTACHMENT
S0 | ONS/ET AFT PIVOTAL SUPPORTS SE12URE L8521 12 €/P-C-9 V.00£-0% | 1.00€-08 PSS
ATTACHMENT
§1 | ORB/ET AFY SLIDING SUPPORTS SELTuRe L,8,5,p b £/p-C.88 1.00€-05 | 1.00¢€-08 PeSS
ATTACHMENRT
82 CXTERRAL TANK Lhy TANK BARREL TPS SEPARATION FROM £T OR 100- } NOT N 3.000-06 | 3.0CE-07 POSS
- STRUCTURAL FATLURE DUE 1O | 124 SEC 'CiLt poc'y .
UNCLEAN SURFACE OR INADE-
QUATE quALLTY
$3 [ EXTERNAL TANK LKy TANK AFT DOME TPS SEPARATION FROM £T OR LIFTOFF t NOT N 3.00£-06 | 3.00L.07 POSS
STRUCTURAL FAILURE DUE TO 'CILpOC'S !
UNCLTAN SURFACE OR INMADE-
QUATE .QUALLYY - . ..
S4 | EXTIRMAL TANK L0, TANK OGIVE TPS SEPARAYLON FROM £T OR 100- \ NOY [N ).00€-06 | 3.00£-07 4 PROB
STRUCTURAL FAILURE OUEL 10 | V24 SEC, ‘CILt DOC' Y
UNCLEAN SURFACE OR [NADE-
QUATE QuUALITY
LIRELL] THERMAL CURTATN HEAY SEPARATION FROM SRB OR 100- ? NOT 1IN 1.00€-06 | 3.00¢-07 p0SS
SHIELD TPS STRUCTURAL FAILURE DUE TO | 124 SEC "CIL 0OC'S
UMCLEAN SURFACE OR [MADE-
QUATE QUALITY
$6 | ELECTRICAL PONER [0p TANK SUBASSEMRLY KURSRS OVERPRESSURE RUPTURC: L. ) £/467 468, | (a) 1.006-08 | 1.000-10 | PROB
(08} V. 2A 3 ERCESS MEAT INPYT FROM am StE 537
HEATERS OR MATLRIAL DEFECT
S7 CLECTRICA PONER My TANK SUBASSEMALY NUMBERY OVERPRESSURE RUPTURES L. i1 8/469.420, | (2) 1.00£-08 | 1.00£-10 PROB
(0Rg) 1, 2 AN0 ) EXCLSS WOAT INPUT FROM a2 SEL 5-38
HEATERS OR MATERIAL DEFECY
$8 1 ATMOSPHERIC AUTILIARY Op STORAGE TANK |OVERPRCSSURL RUPTURE L.8 ! 8/558 {a) 5.00£-09 | S 00f-11 ) rRcR
REVITALIZATION  |{(900 PS1) StL 5-39
59 | ATROSPHER(C Ny STORAGE TANKS {3,000 |OVERPRESSURE RUPTURE 1.8 ¢ P568 (o) 5.006.09 | 5 0OE-11 ] Poes
REVITALIZATION Pl SEC 5-40 <.




Table B-1. Criticality 1 Component Failure Modes by Vehicle Response Mode Category (Page 4 of 6)

CATEGORY 6: CETCANAL TANK PUWCTURED (FROM ORDITER IWPACT, SMI.. TS FATILURES, ETC.}

w0.| venicte ano e FATLURE MO0 VIR lwo tons| poc,seact | motes FAILURE BATES weiowting
- Su8 SYSTEM PLRIOO l“ l' FACTOR®
60  ELECTRICAL POWR Op TAWE SUBASSEMALY MMHBIRS|OVERPRESSURE RUPTURC: ’ 3 07467 468, ] SAmg AS | 2.00€-08 | 2.00€-10 | PROS
(ons) o 2003 EXACESS REAT [RPUT FOON an (117
R NEATERS OR WATERIAL DEFECT
- 61 ELECTRICAL POWER Wy TANK SUBASSEMILY NUMBERS| OVERPRESSURE RUPTLRE: ’ 3 0/469.470,| SAMg AS | 2.00€-08 | 2.00€-10 | rRoB
)ioas) 1,2 A0 3 €ICESS MEAT TneyT FROM an 57
MEATERS OR MATERIAL DCSECT
* | o2 tamosweric AUKILIARY Q) STORAGE FANK |OVERPRESSURE AUPTURE ’ ' 8/58 SANE AS | 1.00€-08 | 1.00€-10 | PROB
ACVITALIZATION  |(900 PSI) *58
63 A™OSPNERTC {My STORAGE TANKS (3,000  [OVERPRESSURE RUPTURE 4 . 9568 SANE AY | 1.00E-08 | 1.00E-10 | POSS
[ REVITALLIATION 1) "9
!
64 *SORWARD RELCTION [M®4 AND N2Og LINE FLERIBLE |RUPTURE OR 1 SATAGE Le.s H 8/108% {a) $.00€-07 | $.00€-10 | POSS
| CONTROC ASSEMBLY AssEMLIES SEL 5-1
| (0R8)
65 | romuarp REACTION hees anp Np0, TANK ASSEM- |RUPTURE, LEARKAGE OR TAMK | L.8,S 2 jenoss {a) 5.006-09 | 5.00€.11 | PROB
CONTROL ASS{MBLY |8LEES SEAL FAILURE SEE §-32 | 5.00€-06 | 5.00C-09
(ORS) .
66 FORWARD REACTION K FUCL FEEDLINE AND RUPTURE OR LEAXAGE OF L.0.8 ' 0/1096-1091 () 3.00£-06 [ 3.000-08 POSS
CONTROL ASSEMBLY [FITTINGS LINES, VALYES, OR FITTINGS) SEC 5-33
‘iom
67 FORMARD REACTION 'N50, OXIDIZEA FECOLINE AND|RUPTURE OR LEAKAGE OF 18,8 \ €/1096-1097 (a) 3.000-06 | ).00E-08| POSS
fg:rm Assemm v IFYTINGS LIRES, VALVES, OR FITTINGS SEE §-34
L)
' .
68 | FCMGARD RCACTION [N, STORAGE TANKS (4,000  |GROSS RUPTURE WITH PRO- | L.8.$ ? # 1081090 (a) $.00£-09 | $.00€-11| POSS
CONTROL ASSEMBLY [PSI) M(‘ATEp FRACAINTS RUPTUR- SEC 5-3%
{0R8) ING PROPELLANY  TANK({S)
69 FCRWARD REACTION [FLEXIRLE COUPLINGS AND RUPTURE AT PRIMARY OR LS 32 enose (s) 1.00€-06 | 1.00€-09 .| POSS
CCnIBOU ASSIRSLY {TITTIHGS VERKIER ThRUSTIR SEE 5-36 .
(c&s)
70, FOBWARD REAITICN MR AND Wo0, LINE FLEXIBLE|RUPTURE OR LEAKAGE 2 2 /1083 SAME AS | 1.00E-06 | 1.00£-09 | POSS
FLOMTEOL ASS{MBLY ASSEMBLIE 64
(08}
71 FCRWARD RUACTION WM AND N0, TAMK ASSTR-  [RUPTUSE, LTANAGE OR TANE | P 2 [ en0ss SAME AS | 1.00£-08 | 1.00£-10° | PROB
L CORTROL ASSEMBLY :BLIES SEAL FATLURE 65 1.00€-05 | 1.00£-08.
i () .
13
72 FORWARD REACTION 'MW FUEL FEEOLINE ANG RUPTURE OR L [AKAGE OF L4 1 0/1096-109% SRME AS | § 00E-0% | 5.00€-08 | 0SS
CONTR0L ASSEMBLY CF{TTINGS CINES, YALYES, OR FITTINGS *66
'ma)
73] FORWARD BEACTION 'W,0, OXIDIZER FEEOLINE ANO[RUPTURE OR LTARKAGE OF P 1 W1006-109T SAML AS | 4 00€-05 | 5.000-08 | FOSS
Lemtroe assirsir eETHinGs LINES, VALYES, OR FIVTINGS 07
(L
740 FONWARD REACTION [H, STORAGE TANKS (4,000  |GROSS RUPTURE Wilw PR0- P H & 1DAS.1NG SAME AS | | 00F.08 | 1.00L-10 | POSS
. CORTROU ASSEMBLY (P8I) PAGATED FREGRENTS PUPTUR- *68 .
{08} MG PROPLLLART TAMK(S)
79 FORWRRD REACTION . FLERIBLE COUPLINGS AND RUPTURE AT PRIWMLAY OR L3 32 0/1088 SAME &S 2.00€-08 | 2.00£-09 POSS
ribﬂ’im AssimeLr (FITTINGS VIRNI(R Th&USTIR +69
. 2%8)
16 RS (OR8) LMz RECIRCULATION PURP HOUSTNG RUPTURE LS ] 8948 SEE 9-1¢ 1 ) 00C.07 | V.00E-09 POSS
1rwes jorg) RUPTURE OR LEARAGE LS ) .98 SEE 9-18 | 1.00£-04 | V.000-0Y. ) PEOM

12° Ly FEEDLENES TO CACH
e




Table B-1, CHticath 1 Component Failure Modes by Vehicle Response Mode Category (Page 5 of 6)

CATCGORY 6: EXTCANAL TANK PUNCTURED (FROM ORBITER IMPACT, SHRAPNEL, TPS FAILURES, ETC.)
A iR ng 11ems| ooc./eae | motes FAILURE RATES 1w 1GHTING
"o :‘,"'%,‘;‘:" 1N FAtLuae vone PERICD / T T [FAcToRe
78 |MAIN PROPILSION | 2° Gy PRESSURIZATION VALVE FAILS CLOSED CAUSING| L. 8.S.P § i-9/4-7 1.006-07 | v.oof-08 | poss
SYSTDM (OAF) ol CT vALYE LK TARE STRUCTURML mwnT :
79 | so (oms) RST DIAPHRAGYS RUPTURE OF N2 LINES L0,8 » WS50/3-52 | SEE 916 | 1.00€-08 | 1.00(-08 | ACT
OIAPHRAGHS
_ j o0 iws (ors) ity RELECF LINE JRUPTURE OR LEARAGE LBS | % SEE 9-17 | 5.000-08 | S.00£-08 | PROB
8) [MAIN PROPULSION | 4* DIAMETER Ly RECIRCU- [RUPTURE LS ' /952 SEE 9-18 | 2.00€-04 | 2.006-07 | #RoM
STSTEN (ORB/ET) | LATION Ling
82 [MAIN PROPULSION | 17° Lip FEEDLINE AND AUPTURE OR LEAKAGE L8, ' 9/961-962 | SEE 9-19 | 5.00€-08 | S.000-08 | ACT
SYSTEM (0RE/ET) | maniFOLD ASSEMILY 8 20; (1) -
83 {L0p FEEOLINE (ET)] 17° RACO-CREAVY SEALS E£XCESS LEAKAGE LeSP| €/P-C-4 (e) 1.00€-08 | 1.00€-07 | POSS
84 1107 FEEOLINE (ET)] 17° FLEXIBLE COUPLING EXCESS LEAKAGE FROM STRUC- L.B,S.P| 8 €/7-¢-) (o) 1.00€-08 | 1.006-08 | POSS
{RIGID LINE AND BELLOWS) [TURAL FAILURE OF FuSIOM 1.00£-07 | 1.00€-10 )
wELDS LINE TO BELLOWS (COUPLING AND WELD)
85 1L0; FECOLINE (ET)] 17° FLERIME COUPLING SEIZURE (BALL AXD SOCKET) [Lu8.S:P1 6 €/p-C-8 | (o) 1.00£-05 | 1.00€-08 | PROS
(RIGID LING ANG BELLOMS) [CAUSING LO7 FEEDLINE }.00€-0° | 1.00E-10
STRUCTURAL FAILURE (COUPLING AND WELD)
86 1L02 FELOLIME (ET)] PIVOTAL SUPPORTS SEITURE (BALL AMD SOCKET) | L.B.S.PT 27 €/P-C-9 (0) 1.006-05 | 1.00£-08 | POSS
CAUSING LO7 FEEDLINE
STRUCTURAL “FA{LURE
87 L0z ANTIGEYSER | 4* FLEXIBLE COUPLING E£XCESS LEAKAGE FROM STRUC-|L.8,5.0] 6 €012 | (o) 1.00£-CS | 1.006-08 | PROS
LINE (ET) (RIGID LINE AMD BELLOWS) [TURAL FAILURE OF FUSION 1.00€-07 | 1.00¢-10
WELDS LIKE TO BELLOWS (COUPLING AN WELD)
88, 1L, ufu;nsu 4" RACO-CREAYEY SEAL EXCESS LEAKAGE L.8.5,P 8 E/p-C-4 (e) 1.00E-04 | i.00E-07 (739
LINE (€7
89 | (Op ANTIGEYSER | 4 FLEXIBLE COUPLING SELIURE (BALL AND SOCKET) | L,B.S.P 6 €/P-C-14 (o) 1.00£-08 | 1.00€-08 | POSS
LINE (E7) (RIGID LINE AND BELLOWS) |CAUSING LO; ANTIGEYSER
tINE STRUCTURAL FAILURE
0 wi ANTIGEYSER - | TEFLON COVERED SLIDING - | SETZURE CAUSING LO7 ANTI- [L,8,5.P [ .14 £/P-C-18 (¢} |1.00t-08 { 1.000-08 | eaca
LIRE (£7) SUPFORTS GEYSER LINE STRUCTURAL 1.00€.067 | 1.00E-10
FAILURE {COUPLING AND WELD)
" Loi N, TNJECT | cHECK vALvES EXCESS LEAKAGE OR RUPTURE | L,8,5.P H £/P-C-4, (e) 1.00€-07 | }.00€-08 | POSS
sréreh (EXTERNAL) P-C-25
92 'ioér':" INJECT | WARRISON-K SEALS EXCESS LEAXAGE L,8,5.P ? E/P-C-26 (e} 1.00€-04 | 1.000-07 | POSS
YS$itm
93 | LMy PRESSURIZA- | 2 FLERIBLE COUPLING €XCESS LEAKAGE FROM WELD |L.B,S.P 3 E/7-C-19 1.00£-05 | 1.00£-08 | POSS
TION LINE (ET) | (RIGID LINE AKD BELLOWS) |OR STRUCIURAL FAILURE 1.006-07 | ¥.00E-10
(COUPLING AXD wELD)
%" LN&‘PRESSUMZA- MAFLEX SEALS EXCESS LEAKAGE L.B.5,.P ] E/P-C-20 1.00E-04 | 1.00E-07 | P0SS
TIOK LINE (ET)
5 | Ltp PRESSURIZA- | PIVOTAL SUPPORTS SEIZURE (BALL AD SACKET) [ t.8.5,p] @ E/P-C-9 1.00€-08 | 1.00£-08 | POSS
TION LIKE (£T) CAUSIRG LM» PRESSURIZAT(OM
CINE STRUCTURAL FAILUAL
9 | ing PRESSURTIA- | TEFLOM COVERED SLIDING | SEIZURE CAUSING LM, PRESS4L.B,5,P | 15 L/P-g-1% 1.00€-05 | 1.00{-C8 | PROR
TI0A LIKE (ET) SUPPORTYS URTZATION LINE SYRB{TURAL
FAILLRE .
9| Uity VENT-RELIEF | CALMEC W/ VALVE GASKETS | £XCESS <CAKAGE L.8.5,P ? be-c4y 1.006-04 | 1,00£-07 | POSS
ASSCMBLY (ET) | (5) AMD SENLS (2) p-C.2 .




Table 8-1.: Criticality 1 Component Failure Modes by Vehicle Response Mode

Category(Page 6 of 6)

CATECORY 6: EXTERNAL TANK PUNCTURED (FROM ORBITER IMPACT, SHRAPNEL, TPS FAILURES, €7C.)
no.| VEMICLE AND 1en FAILURE MODE 1™ Ino yrems| poc.seace | moTES FAILURE RATES |WEIGHTING
SUB SYSTEN ) PERIOO lu A, FACTOR®
98 LMy VENT-RELIEF | PIVOTAL SUPPORTS SETZURE (BALL ANO SOCKET) | L,3.5.7 8 0eg-9 1.00£-08 | 1.00¢-08 PROS
ASSEMBLY (ET) CAUSING ¥/R ASSEMBLY LING
STRUCTURAL FAILURE
99| LMy TARR (€T) FORMARD DOWE FEED THROUGH | EXCESS LEAKAGE RESULTING | L.0.S.P s t/r-C-4, 1.00€-0¢ | 1.00£-07 | ACT
: COVER SEALS IN LOSS OF ULLAGE AND LN P-C-26
TANK FATLURE
1001 LK, TANK (£T) FORMARD DOME ACCESS COVER | EXCESS LEAKAGE RESULTING [L,8.5,P 1 £/P-C-20 1.006-04 | t.00€-07 ACT
NAFLEX SEAL IN LOSS OF ULLAGE AND LK2
TANK FATLURE
101) LMy TANK (ET) AFT DOME SCREEM: ACCESS EXCESS LEAKAGE RESULTING 1L,8,5.P \ t/P-C-20 1.00€-04 | 1,00¢-07 ACT
COVER MAFLEX SEAL IN LH2 TANK FAJLURE
102, LHp TANK (ET) AFT DOME ACCESS COVER EXCESS LEARKAGE RESULTING [1,8,5,P | £/P-C-20 1.00€-04 | 1.00£-07 | ACT
NAFLER SEAL IN LH2 TANK FALLURE
103. LWy TANK (ET) [ AFT LONGERON COVER RACO | EXCESS LEAKAGE RESULTING |1,B.S.P ' £/P-C-8 1.00£-04 | 1.006-08 | ACT
SEAL IN LH2 TANK FAILURE
104} LM VENT-RELIEF | VENT VALVE INADYERTENT OPERING L.8.5.P t n-g/1-17 3.00€-0% | 3.006-C6 | PAOR
ASSEMBLY
1084 Ly TANK (£T) WELDS (ASSUME 50 DEFFCRENT| WELD RUPTURE 1.8.5.p \ n-B/4-6 6.00E-06 | 6.00€-09 | ACY
WELD RUNS)
1061 WS (ORB) 0.63" GWp PRESSURIZATION {RUPTURE OR LEAKAGE 1.8.5,P 3 0/978 1.50€-08 | 1.50€-07 | POSS
LINE (Y0 MODULL)
107, wpS (ORD) 2" GH2 PRESSURIZATION LINE | PTURE OR LEAKAGE CAUSING! L,B.5.P 1 #/980 2.50E-08 | 2.50t-07 POSS
ASSEMBLY ¢ 1™ SECTION TO [LOSS OF ULLAGE PRESSURE
CHECK YALYE
h .
108 mPS (ORB/ET) 17" L02 FEEDLINE AND MANI-|RUPTURE OR LEAKAGE L.8,S,P ) 9/964-9C5 (e) 7.006-05 | 7.00€-08 | ACT
FOLD ASSEMBLY :
109" RANGE SAFETY NS1 DETONATOR [ADVERTENT DE TONATION L.B.5,° 2 /A2 3.00€-06 | 3.006-07 1 ACT
COMMAND DESTMUCT FROM LIGHTNING, STRAY (M1
{€r) OR RFY, [LECTROSTATIC DIS-
. CHARGE, OR AUTOIGHITION
Ho’ RANGE SAFETY SAFE AND ARM ASSEMBLY INAOVERTENT DETONATION OF | L.B.S.P ] €/A-) 3.00£-06 | 3.00€-Q7 | ACT
COMMAND DESTRUCT PETN INSERTS DUE T0
(en) AUTOIGNITION
1) RANGE SAFETY COF ASSEMBLY INADVERTENT DETOMATION OF | L,B,S.P ? €/4-) 3.00€-06 | 3.006-07 | ACT
' comang DESTRUCT EXPLOSIVE INSERTS FROM
138} AUTOIGNITION
112 RANGE SAFETY COF MANIFOLD INADYERTENT DEYONATION OF | L,B,S,P 2 E/h-4 3.00€-06 | 3.00€-07 [ ACY
COMMAND DESTRUCT EXPLOSIVE INSERTS FROM
(en) AUTOIGNITION
V13: RAMCE SAFETY LINEAR SHAPED CMARGE INADYERTENT DETONATION L.8.5.P ? £/A-4 3.00£-06 | 3.006-07 | ACT
%c[»;nm DESTRUCT CAUSED BY AUTOIGHITION
)




APPENDIX C

STS FAILURE MODES
(MECO To Centaur Deployment)

(Contributing To Combined STS/Centaur Behavior Modes
Nos. 6, 10, 12 and 13 As Outlined In Tables 3-1 and 3-3)

The fai]ure rates quoted {n this Appendix are in units ;
' " of hour,'l unless otherwise stated ' L' Vﬁ
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